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Abstract 


A preliminary conspectus of the fossi i n< >ra fr< >m the A1 Ion locality, in Crawford County central Georgia, documents 
the presence of at least 63 distinct plant organs, based on macrofossils and mesofossils, but excluding dispersed pollen 
and spores. The fossils are preserved in a clay lens within the Buffalo Creek Member of the Caillard f ormation, and 
are of late Santonian (Late Cretaceous) age. In general, macrofossils are sparse at this site, but abundant mesofossils 
ha ve been isolated from bulk samples by sieving. The flora includes sporophytes and gametophytes of fossil mosses 
(e.g., Eopolyt rich um antiquum , Cam pyiopodium allonense ), ferns (e.g.. cf. Boodlepleris ), and conifers, but is dominated 
by the diverse and abundant remains of angiosperms. Angiosperms in the flora include cf. Detrusandra (Magnoliales). 
Mauldin ia sp. (Lauraeeae). Allonia decandra (Hamamelidaceac), and Parasaurauia allonensis (Actinidiaeeae). Espe¬ 
cially abundant art* flowers and eupules of two species of Kagaeeae sensu lato (Protofagacea allonensis , Antiquacupula 
sulcata). The flora also includes fossil flowers of Caryanthus sp. (Juglandales/Myricales) and Bedellia pusilla (cf. Be- 
tulaceae). which comprise the first record of Normapolles-produeing flowers from North America. The structural and 
systematic diversity of angiosperms in the Allon flora is comparable to that at other Turonian-Campanian sites in eastern 
North America and Europe. Together, these fossil floras indicate that angiosperms, and especially eudieots. were already 
diverse at this relatively early stage in angiosperm evolution, flic source vegetation represented by the Allon fossil 
assemblage was dominated by angiosperms, probably with taxodiaceous conifers also common. Preservation of most of 
the mesofossils as charcoal indicates that fire may have been an important factor contributing to frequent disturbance 
of the source plant community. 


Over the last two decades, investigations of Cre¬ 
taceous floras have been revitalized by the emer¬ 
gence of a wealth of new paleobotanical data and 
the application of a more rigorous approach to the 
comparison of Cretaceous fossil plants with their 
living relatives. Especially striking have been rapid 
advances in the study of mesofossil assemblages 
isolated from plant debris beds, which have inc lud- 
ed remarkable discoveries of fossil flowers, and oth¬ 
er small, delicate, plant fossils (e.g., moss game¬ 
tophytes and sporophytes) that have not 1 
recognized previously. Mesofossil assemblages are 
generally obtained by wet sieving and panning of 
unconsolidated sediments that can be disaggregat¬ 
ed in water. Typically, they are comprised of three- 


dimensionally preserved fossils 0.5—5 mm in max¬ 
imum dimension: too small to be seen easily in the 
field and too large to survive standard palynological 
preparation techniques. 

Mesofossil assemblages from the Cretaceous 
have yielded extremely well-preserved angiosperm 
flowers, fruits, seeds, stamens, and wood, as well 
as cones, pollen organs, and wood of other seed 
plants (especially conifers), fern pinnules and rhi¬ 
zomes, remains of other pteridophytes, and bryo- 
phyte sporophytes and gametophytes. Specimens 
may be lignified or charcoalified, and both modes 
of preservation can be studied easily with scanning 
electron microscopy to reveal morphological and 
anatomical information. Charcoalified specimens. 
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in particular, arc often exquisitely preserved and ferent assemblages that are of late Santonian to ear- 


yield a level of fine structural detail comparable to ly Campanian age. Other rnesofossil assemblages 


that obtained from extant plants. 


have been recovered from the Early Cretaceous of 


Studies of mesofossils have greatly expanded our southern England (e.g., Herendeen & Skog, 1998), 
knowledge of previously described plant fossils and many localities in the Late Cretaceous of een- 


(e.g., Eu commiidites -producing plants, Pedersen et tral Europe (Knobloeh & Mai, 1984, 1986, 1991). 
al., 1989) and have provided new insights into the Also intensively studied are a sequence of rich me- 
diversity ami systematic relationships of Cretaceous sofossil assemblages from the Cretaceous of western 


angiosperms (e.g.. Crane et al., 1989, 1994, 1995; Portugal that have yielded important data on early 

Crepet & Nixon, 1994, 1996, 1998; Friis, 1984, angiosperm evolution and that range from Barre- 

1985, 1990; Friis & Skarby, 1982; f riis et al., mian-Aptian to Maastrichtian in age (e.g., Friis et 

1986, 1988, 1995, 1997a; Gandolfo et al., 1998a, al., 1992, 1994, 1999). In Asia, important meso- 

b; Herendeen, 1991a, b; Herendeen et al., 1994, fossil assemblages are known from the Coniacian- 


1995; Keller et al., 1996; Magallon-Puebla et al., Santonian of Japan (Takahashi, Crane & Ando, in 

1996, 1997; Ped ersen et al., 1991, 1994; Sims et prep.) and the Cenomanian-Turonian of Kazakhstan 

al., 1998). In addition, because pollen is frequently (Frumin & Friis, 1996, 1999). 

preserved in situ within rnesofossil reproductive In North America the most intensively studied 
structures, these studies have led to the identifi- rnesofossil localities are from the Cretaceous of the 

cation of the parent plants of many Cretaceous an- Atlantic Coastal Plain, where a series of floras are 


giosperm pollen grains that were previously only known from Marthas Vineyard (Tiffney, 1977) and 
known from dispersed palynofloras (Friis, 1988; New Jersey (e.g., Crepet & Nixon, 1994; Gandolfo 
Crane et al., 1989; Pedersen et al., 1989, 1991; et al., 1997b) in the north, to central Georgia in 


the south (Crane & Herendeen, 1996; Crane et al., 
1994; Friis et al.. 1986. 1988. 1997a). Tin ;se fossil 


Sims et al., 1999). 

The impact of research on mesofossils has been 
especially pronounced in changing our understand- assemblages range in age from Aptian to Campan- 

ing of the Cretaceous fossil history of flowering ian and are continuing to yield a great diversity of 

plants. New discoveries, especially from the Late well-preserved rnesofossil material (e.g.. Crane & 

Cretaceous of Europe and eastern North America, Herendeen, 1996). Other rnesofossil floras from the 

have substantially extended the known fossil record (beat Plains and Rocky Mountain regions of North 

of many angiosperm groups (e.g., Herendeen et al., America have been less intensively studied than 

w 

1995; Sims et al., 1998) and have documented the those in eastern North America and in general they 

presence of many lineages that previously were not appear less well preserved (Herendeen, unpub- 

known to have a reliable fossil record (Friis et al., lished). 

1997b; Magallbn-Puebla et al., 1999). Information Most studies of mesofossils published to date 
on fossil flowers has provided new insights into Ho- have presented detailed treatments of the morphol- 

ral architecture, pollination, and dispersal in ex- ogy and systematic relationships of particular fossil 

tinet angiosperms, and how these structural and bi- taxa. This approach has drawn attention to some of 

ological features may have changed through time. the most common components of rnesofossil assem- 

Morphological and systematic studies of mesofos- blages and has clarified fossil history of many 

sils have yielded new information on the fossil his- groups of angiosperms and other plant lineages, 

tory of bryophytes (Konopka et al., 1997, 1998), However, a by-product of this focused approach has 

ferns (Gandolfo et al., 1997b; Herendeen & Skog, been that only a small fraction of the total plant 

1998), conifers (Srinivasan, 1992, 1995; Srinivasan diversity preserved as mesofossils has been de- 

& friis, 1989), and other gymnosperms (Pedersen scribed. Complete paleofloristie descriptions that il- 

et al., 1989, 1993). Paleoecological studi es based lustrate and describe the diverse structures in a 

on mesofloras are also contributing valuable new single rnesofossil assemblage using modern tech- 

information for interpreting Cretaceous vegetation niques, and that also include both tin* angiosperm 


(Lupia, 1994, 1997). 


and non-angiosperm components of these Horas, 


Mesofossil assemblages have been described have not been presented. 


from sediments in North America and Europe that 


In this paper we present a preliminary eonspee- 


range in age from Barremian-Aptian to Maastrieh- tus of the Alton Hora: a diverse and well-preserved 

tian. In Europe, the most intensively studied site is late Santonian (Late Cretaceous) mesofossil assem- 

the Asen locality in Scania, southern Sweden (e.g., blage from central Georgia. Several other diverse 

Friis & Skarby, 1982; Friis, 1983, 1984, 1985, mesofossil assemblages from Georgia are currently 

1988, 1990), which includes a large number of dif- under investigation, but the Allon flora has been 
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Figure 1. Mesofossils from the Allon locality, Georgia (late Santonian; l>ate Cretaceous): Faxon 1, Eopolytrichum 
antiquum Konopka, Herendeen, Smith Merrill & Crane (Polytrichaceae). —A. Oblique view of fertile gametophyte shoot 
apex showing elongated antheridia and numerous leaves with photosynthetic lamellae on their adaxial surface; PP44724. 
—B. Lateral view of sporophyte capsule showing the line of separation of the operculum, swollen apophysis at the base 
and prominent stomata; PP44717. Scale bars; A = 1 mm. B = 100 jxm. 


studied for several years, and several detailed treat¬ 
ments of specific taxa are already published (Crane 

& Herendeen, 1996; Herendeen et al., 1995; Keller 
et al., 1996; Konopka et al., 1997, 1998; Magallon- 
Puebla et al., 1996; Sims et al., 1998, 1999). Most 

taxa from the Allon flora, however, have not yet 
been described. Some components of the mesofossil 
assemblages have not been treated because they 
belong to plant groups that are not yet the focus of 
a major research effort (e.g., conifers), while in oth¬ 
er cases there has been insufficient material to pre¬ 
pare a detailed description that could serve as the 
basis for systematic analysis. For many angiosperm 
mesofossils, uncertainty over systematic relation¬ 
ships has also served as a disincentive for publi¬ 
cation. 

To our knowledge, the treatment of the Allon flo¬ 
ra in this paper is the first time that a Cretaceous 
mesofossil assemblage has been documented in its 
entirety based on scanning electron microscopy. 
Preliminary descriptions and photographs (exclud¬ 
ing details of anatomy and pollen/spores for reasons 


of space) are presented of all bryophyte, fern, co¬ 
nifer, and angiosperm mesofossil remains that we 
have been able to discriminate and characterize. 
Only the dispersed pollen and spores, as well as a 
small number of poorly preserved dispersed seeds, 
stamens, and coprolites, are not treated. We also 
provide documentation of the leaf impression/com¬ 
pression fossils that are known from the Allon lo¬ 
cality, and present an initial estimate of the relative 
abundance of the different elements in the meso¬ 
fossil assemblage. A preliminary estimate of the 
relative diversity of different major plant groups in 
the flora is also provided. 

Future research on the Allon flora will undoubt¬ 
edly result in the recognition of new taxa. In the 
meantime, however, the preliminary conspectus 
presented here will provide useful data for com¬ 
parison with other mid and late Cretaceous meso¬ 
fossil localities (Lupia, work in progress) and will 
help place the diversity of late Santonian angio- 
sperms in a broader context that includes other el¬ 
ements of Late Cretaceous vegetation. 
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Matkkiai.s and Mktiiohs 


The fossil material described here was collected 


from a clay lens in the south pit (“Allon” quarry) of 
the Atlanta Sand and Supply Company (Knoxville 

Quadrangle, lat. 32°37'47"N, long. 83°59'10"W) in 

Gaillard, Georgia, ca. 9.5 km southeast of Roberta 
in Crawford County. The (‘lay lens has been assigned 
to the Buffalo Creek Member of the Gaillard For¬ 
mation (Huddlestun & Hetrick, 1991). The Buffalo 
Creek Member is considered to be of late Santonian 
age. This is based on the presence of terrestrial 
palynomorphs that are considered to be biostrati- 
graphically equivalent to those in marine units as¬ 
signed to the late Santonian based on calcareous 
nannofossils (i.e., equivalent to tin* lower part of 
calcareous nannofossil zone CC17, which Burkett 
[1996] considered to be late Santonian) (Christo¬ 
pher, unpublished data). 

The clay lens yielding the mesofossils varies 
from 0.2 to 0.8 m thick, is truncated at both ends, 
and has a lateral extent of at least 16 m in the 
outcrop. The clay is microlaminated, dark gray, and 
carbonaceous. It is inferred to represent a lower 
floodplain pond, and the presence of rare dinofla- 
Hates in the palynoflora perhaps indicates some 
tidal influ ence (Lupia & Sims, unpublished). In 
terms of the mesofossils, the productivity of the Al- 
lon locality varies across the outcrop from about 
250 specimens per 20-kg sample where the lens is 
thick, to about 2500 specimens per 20-kg sample 
at the extreme edge where the lens is thinnest. 
There is also considerable variation in the compo¬ 
sition of the mesofossil assemblage among different 

samples (Lupia, 1997; in prep.). The Allon flora 

contains a diverse assemblage of angiosperms, 
gyinnosperms, ferns, and bryophytes preserved as 

flli 


(1 and lignitic mesofossils (Herendeen et 
al., 1995; Crane & Herendeen, 1996; Keller et al., 
1996; Magalldn-Puebla et al., 1996; Konopka et al., 

et al., 1998, 1999). The clay also 


1998 


contains a macrofossil assemblage, which is pre¬ 


served as impressions or thin compressions, and a 
diverse palynoflora. 

I he material was prepared by dissolving bulk 
samples of clay in water and then washing the slur¬ 


ry through a series of sieves (finest mesh 125 |im). 


Isolated plant material 


cleaned with HC1, fol¬ 


lowed by HF, and then thoroughly washed in water. 
The fossil material was air-dried and examined us- 

ms pick¬ 


ing a binocular stereomicroscope. Sp 
ed from the organic debris were mounted on stubs, 
coated with gold, and examined with an Amray 
1810 scanning electron microscope. After initial 


scanning, selected specimens 


partially dis¬ 


sected to reveal internal morphology, and then re- 
coated and scanned. Except where noted all illus¬ 
trations 


scanning electron micrographs. All 
fossil specimens are deposited in the paleobotani- 


cal collections of the Department of Geology, The 
Field Museum, Chicago (PP). 


Descriptions and Discission ok Fossil Plants 


MOSS I 



Polvt richaceae 

✓ 

1. Eopolytrichum antiquum Konopka, Herendeen, 
Smith Merrill & Crane 
Figure 1. 

Sporophyte capsules are terete to somewhat dor- 
siventrally flattened in cross section, 0.9-1.1 mm 
long, 0.6—0.8 mm wide, and have a swollen, asym¬ 
metrical apophysis and mammillose exothecium. 
Stomatal complexes, each surrounded by a ring of 
subsidiary cells, are confined to the apophysis (Fig. 
IB). Fhe operculum is tall and dome-shaped, but 
the calyptra and beak of the operculum are not pre¬ 
sence 1. R emains of a peristomial membrane are 
present around the rim of the capsule after the 
operculum has dehisced, but peristome teeth are 
absent and the epiphragm is retained in the oper¬ 
culum. Spores are alete, spherical, and echinulate 
(Konopka et al., 1997). Associated sterile and fer¬ 
tile male (Fig. 1A) gametophytes have leaves with 
adaxial, presumed photosynthetic, lamellae on the 
blade surface as well as other anatomical structures 
comparable to those of leaves in extant Polytrieha- 
ceae. 

The structure and relationships of Eopolytrichum 
antiquum were described by Konopka et al. (1997). 


figure 2. Mesofossils from (lie Allon locality, Georgia (Lite* Santonian: l^ate Cretaceous): Taxon 2. Cumpyiopodium 
all one me Konopka, Herendeen Crane (Dieranaeeae). —A. Lateral view of gametophyte axis fragment showing leaves 
with broadly sheathing bases and abruptl\ narrowed blades: IM*44740. —B. Lateral view of sporophyte capsule showing 
attached seta, slightly swollen apophysis, prominent stomata and cuculate operculum: PP45I63. —C. Lateral view of 
sporophyte capsule showing narrowed base, prominent stoma and attachment to the seta; operculum missing and 
exposing the peristome teeth: PIM4/25. —I). Apical view of peristome showing compound annulus, teeth with divided 
tips and numerous spores in the center; 1*1*44725. Scale bars = 100 girn. 
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Morphological ami anatomical details clearly indi¬ 
cate that the fossil sporophytes belong to the family 
Polytrichaceae, hut the combination of features in 
the fossils does not occur in any extant genus (Kon- 
opka et al., 1997; Table 1). A ssociated fossil ga- 
metophytes exhibit the distinctive lamellae and leaf 


anatomy ol the Polytrichaceae, and the male ga- 
metophytes contain characteristic clavate paraph- 
yses and antheridia. Toothed leaf margins and pyr¬ 
iform marginal cells ol lamellae occur in several 
extant genera of Polytrichaceae, but the rounded 
ahaxial protuberances of the leal sheath are unique 

led 

about the epiphragm, columella, peristomial mem- 


to the fossil. M ore detailed information 


nee( 


brane. 


1 tooth structure in extant taxa in order 


to determine structural homologies within and 
among Polytrichales, Bryales, Tetraphidales, and 
other major lineages of mosses. A more precise un¬ 
derstanding of the relationships of Eopolytrichum 
within the Polytrichaceae will require eladistie 


analysis that includes the fossil and relevant extant 


taxa. 


Eopolytrichum antiquum is known from two spo- 
rophyte capsules and four gametophyte specimens. 


Die ranaceae 

2. Campylopodium al lonen.se Konopka, Heren- 
deen & Crane 
Figure 2. 


Fossil sporophyte capsules are curved, cylindri¬ 


cal, and strumose (Fig. 2B), 1.7-2.4 mm long, with 
an obliquely rostrate operculum (Fig. 2C), cucullate 
calyptra, and compound annulus (Fig. 2D). The 
peristome is haplolepidous with 16 dicranoid, api- 
cally bifid teeth that are vertically striate on the 
outer surface (Fig. 2D) and asymmetrically trabec¬ 
ulate on the inner surface. Spores are alete, spher¬ 
ical, and finely rugose, and thus differ from the 
finely papillose spores of extant Campylopodium 
(Konopka et al., 1998). Spores identical to those 
found within the sporangium have been found on 
the leaf surfaces of one of the gametophyte speci¬ 
mens, providing circumstantial evidence that both 
sporophyte and gametophyte belong to the same 
species. Fossil gametophytes are consistent with 


the morphology of extant Campylopodium and have 
leaves with a broad sheathing base and a narrow 

blade (Fig. 2A). 

Sporophytes and gametophytes of Campylopo¬ 
dium allonen.se were described by Konopka et al. 
(1998). Campylopodium allonen.se represents the 
first appearance of Dicranaceae in the fossil record. 


I his material, along with Eopolytrichum antiquum 
also from the Alton locality, represents two different 


subclasses of mosses, and provides the first defin¬ 
itive evidence of modern families of mosses in the 
Cretaceous. In a phylogenetic context, these fossils 
imply that mosses were already diverse at the fam¬ 
ily and genus level by the Late Cretaceous. 

Campylopodium allonen.se is represented in the 
Allon flora by ca. 20 sporophyte capsules and at 
least 10 gametophyte specimens. 


FERNS 

Gleicheniaceae 

3. cf. Boodlepteris Gandolfo, Nixon, C re pet & 
Ratcliffe 
Figure 3. 

Ultimate pinnules are alternate, sessile, and 
broadly rounded to obtuse, 0.5 mm long, 0.7 mm 
wide (Fig. 3A, B). The midvein does not reach the 

apex of the pinnules, and lateral veins are not ev¬ 
ident (Fig. 3B). The ultimate rachis is slightly sin¬ 
uous (Fig. 3A). Fertile specimens have not been 
found. 

Only two specimens of these fern pinnule frag¬ 
ments are known and both are similar to those of 
Boodlepteris turoniana Gandolfo, Nixon, Crepet & 
Ratcliffe (1997b) from a Turanian age locality (low¬ 
er Magothy Formation) in Sayreville, New Jersey 
(Old Crossman Clay Pit). Fertile specimens have 
not been found at the Allon site, but the Turanian 
material bears exindusiate sori composed of 10—20 
sporangia (Gandolfo et al., 1997b). Baser! on cla- 

distic analysis, Boodlepteris turoniana is thought to 
be most closely related to the extant genus Stro- 
matopteris (Gleicheniaceae) (Gandolfo et al., 
1997b). Another fossil representative of Gleichen¬ 
iaceae was described by Herendeen and Skog 
(1998) based on charcoalified pinnule fragments 
from a mesofossil assemblage in the Early Creta¬ 
ceous of Bedfordshire, England. These fossils were 
described as an extinct species of the extant genus 
Gleichenia . The extensive fossil record of the family 

Gleicheniaceae is reviewed by Herendeen and 
Skog (1998). 

Fern, family incertae sedLs 

4. Fern leaf type 1 
Figure 4. 

Leaf fragments are pinnate with ultimate pin¬ 
nules alternate, sessile, narrowly triangular, and 
wi th an acute apex, 3 mm long, 1.5 mm wide at 
base (Fig. 4A—C). Presumed mature pinnules are 
more broadly triangular (F'ig. 4D) and have revolute 
margins, and the midvein is raised on the ahaxial 
side (Fig. 4E). Stomata have not been observed. 
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Figure 3. Mesofossils from llie Allon locality, Georgia (late Santonian: Late Cretaceous): Taxon 3. cl. lioodlepteris 
Gaudolfo. Nixon. Crepet & Katcliffe (Gleicheniaceae). —A. Fern pinna with alternate, rounded pinnules: PP45158. 

B. Fern pinna with alternate, rounded pinnules; PP45159. Scale liars = 0.5 mm. 


Only sterile specimens are known. Simple tri- 
chomes are abundant on the abaxial leaf surface. 


Racltis and rhizome anatomy are unknown. 

The available details are insufficient to evaluate 
the affinities of these few fragmentary specimens. 
Specimens of fern leaf type 1 are rare in the Allon 
fossil assemblage. 


5. Fern leaf type 2 (macrofossil) 

Figure SA. 

Leaf fragment pinnatifid, 20 mm long. Proximal 
pinnules broadly triangular with 1—2 teeth. Distal 
pinnules narrowly triangular and kicking teeth. De¬ 
tails of pinnule venation not preserved. 

This single fragment, of unknown systematic re¬ 
lationships, is the only evidence of ferns in the Al¬ 
lon macroflora. The specimen is similar to pinnules 

of Dryopterites stephensonii Berry (1914, pi. 17, fig. 
1) from the Eutaw Formation (Santonian-Campan- 
ian) of Georgia, but the absence of pinnule venation 
in the Allon material precludes more detailed com¬ 
parison. 


CONIKKRS 


Conifers, family incertae sedis 


6. Conifer foliage type 1 (of. Brachyphyllum 
Brongniart) (macrofossil) 

Figure 5B. 

Branched, planated conifer leafy shoot bearing 
mmerous, tightly appressed, helically arranged 

with acute unices. Shoots tin to 3—4 


nm 


wide. 


Onl 


v a s 


single fragment of this conifer leaf shoot 


v - 

uis been found. In overall form it resembles leafy 
shoots often assigned to Brachyphyllum and as- 

1 to be of araucariaceous or cheirolepidia- 


sumei 


•eons affinity. In this context it may be significant 

m 

hal Classopollis pollen ((Jieirolepidiaceae) has not 
>een detected in the Allon palynoHora. I he speci- 


nen resembles s 


hoots from the Allon mesoflora as- 
igned to conifer foliage type 4 (taxon 9). 

7. Conifer foliage type 2 (macrofossil) 

Figure 5C. 

Conifer leafy shoot bearing helically arranged, 
cicular, leaves up to 5 mm long, with pointed api- 
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lifiure 4. Mesolossils from I lit* Allon locality, Georgia (late Santonian: Lite Cretaceous): Taxon 4, Fern leaf type I. 
—A. from I fragment with alternate, narrowly triangular acute pinnules; 1*1*45160. —II. Abaxial surface of specimen 
shown m A. —C. Frond fragment with alternate, acute pinnules, showing the altaxial surface; 1*1*45161. —I). Adaxial 
surface of specimen shown in (.. —K. I ern w ith alternate, acute pinnules, show ing the adaxial surface w ith a prominent 

rachis and pinnule midvein; 1*1*45162. Scale bars; A, If = 100 pm. C. I). K = I mm. 
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Figure 5. Macrofossils from the Allon locality, Georgia (late Santonian; Late Cretacous): laxa •>, 6, and 7, 
Ferns and conifers; light micrographs. —A. Taxon 5, Fern leal type 2, frond fragment showing pinnules, macro¬ 
fossil; PP45376. —B. Taxon 6, Conifer foliage type I (cf. Hrachyphyllum ), shoot bearing numerous scale-like 
leaves, macrofossil; PP4537. —C. Taxon 7. Conifer foliage type 2, shoot bearing elongated leaves, macrofossil; 


PP45378. Scale bars 


10 mm. 


ces. Many fragments of this conifer leafy shoot have 
been found. Among the conifers described by Berry 
(1914) from the Santonian-Campanian of Georgia, 
the Allon material is most similar to the specimens 
described as Sequoia reichenbachi (Geinitz) Heer, 
but the absence of anatomical information for both 
the Allon material and the specimens illustrated by 
Berry (1914, pi. 4) precludes more detailed com¬ 
parison. Isolated conifer leaves (Fig. 6F) similar to 
those of conifer foliage type 2 are described below 
under conifer foliage type 3 (taxon 8). 

cf. Taxodiaceae 

8. Conifer foliage type 3 
Figure 6. 

The material consists of a variety of leafy shoots 
(Fig. 6A-E) and isolated leaves (Fig. 6F). The 
leaves have an acute apex and decurrent base, and 
when observed attached are helically arranged. 
Some leaves have parallel margins and a short tri¬ 
angular apex (Fig. 6A, B), while others have a more 
extensively tapering apex (Fig. 61), F). Addition¬ 
ally, there are larger, narrow tapering leaves with 
stomata that are oriented parallel to the leaf axis 
(Fig. 6F). One leafy shoot has structures in the leaf 


axes that may be the broken stalks of pollen cones 

(Fig. 6A, B). 

Conifer foliage type 3 is abundant at the Allon 
locality, and more than one taxon may be repre¬ 
sented. In gross morphology some specimens of this 
leaf type are similar to Taxodium wallisii Aulen- 
back & LePage (1998) from the Maastrichtian of 
Alberta. However, Aulenback and LePage (1998) 
noted that foliage of Taxodium Rich., Cryptomeria 
D. Don., and Glyptostrobus Endl. (‘an be difficult to 
distinguish without associated reproductive mate¬ 
rial, and that material previously assigned to these 
genera from the Cretaceous and Tertiary is in need 
of re-evaluation. One difference between the iso¬ 
lated leaves from Allon (Fig. 6F) and Taxodium 
wallisii is that the stomata on the former are ori¬ 
ented parallel to the leaf axis, whereas they are 
randomly oriented in Taxodium wallisii (Aulenback 
& LePage, 1998). Some of the Allon conifer shoots 
(e.g., Fig. 6A, B, D) are broadly similar to speci¬ 
mens from the Late Cretaceous (late Santonian-ear- 
ly Campanian) of southern Sweden assigned to the 
fossil genus Quasisequoia Srinivasan & Friis 
(1989). Other specimens (e.g.. Figs. 6E, F) more 
closely resemble specimens from southern Sweden 
assigned to Elatidopsis Srinivasan & Friis (1989). 
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Figure 6. Mesofossils from the Alton locality. (Georgia (late Santonian: I .ate Cretaceous): Taxon ft. Conifer foliage 
type 5. A. Conifer shoot with short, scale-like leaves with parallel margins, acute apex, and deeurrent hase showing 
possible cone stalk in leaf axil: PP45I(>4. —It. Other surface of specimen shown in A. —C. Conifer shoot with short. 
thick, scale-like leaves with an acute apex and decurrent hase: PP45105. —I). Conifer shoot with short, scale-like 
leaves with a tapering rounded apex and decurrent hase; PP45166. —K. Conifer shoot with short, scale-like leaves 


with a tapering acute apex and decurrent hase: IT45I07. —K Isolated conifer leaf with acute apex and two parallel 
lines ol stomata on the adaxial surface; PP4510H. Scale bars: A-C, F = 0.5 mm; I). F = l(M) pan. 
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Both Quasisequoia and Elatidopsis are of probable 
taxodiaceous affinity. 

Conifer family incertae sedis 

9. Conifer foliage type 4 (cf. Brachyphyllum ) 
Figure 7. 

Conifer shoot fragments with short, broadly tri¬ 
angular, tightly appressed helically arranged scale 
leaves (Fig. 7A—C). Leaves are 3-4 mm long, 2-3 
mm wide. The ahaxial epidermis bears numerous, 
longitudinally oriented, parallel rows of stomata 
(Fig. 7D). The leaves have thin fimbriate margins. 

These specimens are common in the Allon me- 
sofossil assemblage and may represent the meso- 
fossil equivalent of taxon 6 (conifer foliage type 1 
[cf. Brachyphyllum ]), which is known as a macro¬ 
fossil, but more detailed study is required based on 
additional material. 

10. Conifer pollen cone and dispersed cone scales 
Figure 8. 

Conifer pollen cones bear helically arranged, im¬ 
bricate cone scales (Fig. 8A, B). The cones are ca. 
8 mm long, 5—6 mm wide. Cone scales have a nar¬ 
row stalk proximally and a broad peltate limb with 
a fimbriate margin distally (Fig. 8C—E). Pollen 
grains are not preserved. 

Epidermal details have not yet been studied to 
determine whether these cones were produced by 
the same plant species as one of the conifer foliage 
types, but the strongest morphological similarities 
are with the leaves of conifer foliage type 4 (cf. 
Brachyphyllum). The Allon pollen cone is similar 
to probable taxodiaceous pollen cones and sporo- 
phylls that were described from the Asen locality 
in southern Sweden (Srinivasan & Friis, 1989, plate 
8). Fragments of conifer cones are relatively com¬ 
mon in the Allon flora, and more than one taxon 
may be represented. 

ANGIOSPERMS 

Magnoliales 

11. cf. Detrusandra Crepet & Nixon 
Figure 9. 

Flowers ca. 5 mm tall, 3 mm wide, with numer¬ 
ous helically arranged perianth parts that are con¬ 
nate basally to form a deep floral cup (Fig. 9A, B). 
Stamens numerous, laminar, inserted on inner sur¬ 
face of cup; filament and anther are not differen¬ 
tiated. Carpels numerous, apparently spirally ar¬ 
ranged, inserted in the base of the floral cup. Pollen 
unknown. 

Crepet and Nixon (1994, 1998) described sev¬ 


eral types of fossil flowers with deep floral cups 
from the Turonian of New Jersey. They concluded 
that some of the flowers are most similar to the 
Eupomatiaceae (Magnoliales), and that others are 
more similar to the Calycanthaceae (Laurales). Cla- 
distic analyses of relationships of two fossil taxa of 
magnoliid flowers showed that these taxa cannot be 
referred to any extant family (Crepet & Nixon, 
1998). The flowers described here are most similar 
to the fossil Detrusandra mystagoga Crepet & Nix¬ 
on (1998). Although similar to Calycanthaceae in 
many respects, these fossils differ from members of 
the extant family in the absence of elongated stig¬ 
mas on the carpels and other features (Crepet & 

Nixon, 1998). 

This taxon is represented in the Allon flora by 
three specimens. 

Lauraeeae 

12. Mauldinia sp. Drinnan, Crane, friis & Ped¬ 
ersen 

Figure 10. 

Flowers home on flattened, bilobed inflorescence 

units, 6-7 mm wide, 5—6 mm long (Fig. 10A, B). 

Flowers trimerous with perianth in two cycles of 
three; the tepals of the outer cycle are shorter than 
those of the inner cycle. Details of androecium and 
pollen unknown. The gynoecium consists of a sin¬ 
gle carpel with a superior ovary. 

Mauldinia was originally described by Drinnan 
et al. (1990) from an early Cenomanian locality in 
northern Maryland, and has since been found at 
other mid and Late Cretaceous localities in North 
America, Europe, and Asia (Drinnan et al., 1990; 
Eklund & Kvafek, 1998; Herendeen & Crane, un¬ 
published data). The inflorescence structure of 
Mauldinia is unique and unlike that found in ex¬ 
tant Lauraeeae, but in those cases where flower 
structure is understood in detail it is consistent 
with extant members of the family (Drinnan et al., 

1990; Eklund & Kvatek, 1998). The inflorescence 

of Mauldinia is spicate with helically arranged lat¬ 
eral cladode-like inflorescence units that are flat¬ 
tened, deeply bilobed, and typically bear five flow¬ 
ers and associated subtending bracts (Drinnan et 
al.. 1990). The material described here is pre¬ 
served as lignitized and compressed specimens, 
not as charcoal. 

Wood of Mauldinia miralnlis Herendeen ( Par - 
aphyllanthoxylon marylandense ) was described by 
Herendeen (1991a). Par aphyllanthoxylon is one of 
the most common types of angiosperm wood in the 
Late Cretaceous, and it is likely that much of it is 
referable to the Lauraeeae (Herendeen, 1991a). 
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Figure 7. Mesofossils Irom the Allon locality, (Georgia (late Santonian; Late Cretaceous): Taxon 9, Conifer foliage 
type 4 (el. Brat'hyphyllum). —A. Conifer shoot with short, I>road seale-like leaves; note upturned acute apices (cf. Fig. 
5B); PP45169. —B. Conifer shoot with short, hroad scale-like h ?aves; PP45I70. —C. (Conifer shoot with sliort, hroad 



































Herendeen et al. 

Late Santonian Allon Flora 


419 


Volume 86, Number 2 
1999 



Figure 8. Mesofossils from the Allon locality, Georgia (late Santonian; Fate Cretaceous): Taxon 10, Conifer pollen 
cone and dispersed cone scales. —A. Fateral view of conifer pollen cone with imbricate cone scales; IT45I72. —B. 
Apical view of conifer pollen cone in A. —C. Detail of pollen cone in A showing attachment of scale to axis. —I). 

* _ — . _ - ■ • I 1 • I k C 4 ’ I 

Lateral view of isolated pollen cone scale; PP451 <5. — 
bars: A—C = 1 mm; I). K = 0.5 mm. 


K. Cone scale in I) viewed from inner (adaxial) surface. Scab 



scale-like leaves; note stomata on adaxial surface; PP45I71. —D. Detail of leaf from specimen in C showing detail of 
fimbriate leaf margin and abaxial surface with stomata. Scale bars = 0.5 mm. 
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Figure 9. Mesofossils from tin* Allon locality. Georgia (late Sanlonian; Ule Cretaceous): Taxon I I. cl. l)<-tru.sandr<i 
C re pet (X Nixon (Magnoliales). A. Cateral view ol longitudinally fractured (lower showing nuinerous tepals inclined 
at the apex and numerous carpels; IM’45174. —B. Same specimen as A from opposite si<le; lateral view showing 
hvpanthial cup hearing nuinerous free tepals incurved toward the apex and along the margin. Scale Bars = I mm. 


cf. Triuridaceae 

1.4. Trimerous staminate flower 
Figure 11. 

Staminate flowers are actinomorphic with six 
perianth parts anil three stamens. The perianth 
parts are hasally united forming a zone ca. 0.1 mm 
wide. Distally the perianth parts are free, 0.8—1.0 
mm long, 0.6—0.7 mm wide, and taper to a rounded 
apex. The androecium consists of three stamens in 
a single cycle. The stamens are united at the base. 
In some specimens the anthers are sessile in the 
center of the flower (Fig. 11 A, D), while in others 
they are elevated on a thick, central column, which 
apparently results from fusion of the filaments (Fig. 
11 B, C). The anther connective is thick and ex¬ 
tends beyond the anther sacs. Anthers dehisce lon¬ 
gitudinally and are extrorse. Pollen is monosulcate. 
Pistillate flowers are unknown. 

Flowers similar to the specimens from Allon 
were described by Gandolfo et al. (1997a, 1998b) 
fn >m the Turonian of New Jersey as the oldest rep¬ 
resentatives of the achlorophyllous monoeot family 

Triuridaceae. Gandolfo et al. (1997a) observed var¬ 
iation in tepal and connective morphology among 


their specimens and concluded that the fossils rep¬ 
resent at least four species of related plants. The 
specimens from Allon also exhibit morphological 
variation, and one of the variants (with the anthers 
attached to the apex of a swollen column Fig. 11B, 
D) is apparently not represented among the suite 

(Gandolfo et al.. 



of specimens from New J 
1997a, 19981)). This taxon is represented in the 
Allon <\ issemblage by about five specimens. 


Monocot, family incertae sedis 

j 

14. Tricarpel late flower 
Figure 12. 

flowers trimerous, actinomorphic, apparently bi¬ 


sexual, ca. 0.7 


5-0 


perianth abraded, apparently consisting of one cy¬ 
cle of three tepals (Fig. 12A, D); androecium in¬ 
completely preserved, only filament bases present. 


apparently consisting of two cycles of three stamens 
(Fig. 12C, D); pollen grai ns preserved on the fruit 
surfaces, monosulcate, exine reticulate, coarse near 
the middle of the grain and becoming finer toward 
the ends; polar axis 22 pan, equatorial axis 12 pm. 
The gynoecium consists of three free carpels; the 
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Figure 10. Mesofossils from the Allon locality, Georgia (late Santonian; Late Cretaceous): Faxon 12. Mauldinia sp. 
Drinnan. Crane, Friis & Pedersen (Lauraceae). —A. Adaxial surface of flattened, bilobed inflorescence unit with several 
attached flowers; PP45175. —B. Adaxial surface of inflorescence unit showing tepals and other floral parts of several 

flowers: PP45153. Scale bars = 1 mm. 


ovary is superior; styles are well differentiated and 
distinct, although confluent for most of their length 

(Fig. 12B). 

Only two specimens of this fossil type are known. 
Both specimens, which are well-developed fruits, 
contain only abraded perianth remnants. The peri¬ 
anth and androecium are poorly understood. Ad¬ 
ditional material is required for detailed character¬ 
ization. The monosuleate pollen associated with 
this taxon is similar to fossil pollen grains assigned 

to Liliaeidites (Walker & Walker, 1984, 1986). Pol¬ 
len grains of this type are similar to those of some 
monocotyledons (Doyle, 1973; Friis et al., 1999). 

15. Monocot leaf type 1 
Figure 13A. 

Leaf fragments with very fine parallel venation 
(Fig. 13A). Maximum length ea. 200 mm (incom¬ 
plete), maximum width ca. 70 mm (incomplete). 

This leaf type is represented by two specimens. 
It differs from similar leaves grouped as monocot 
leaf type 2 (taxon 16) in its more fragile (less co¬ 
riaceous) texture, its greater width and the absence 
of a thicker midrib region. Monocot leaf type 1 is 
similar in overall form to Doryanthites cretacea de¬ 
scribed by Berry (1914, pi. 17, fig. 3) from the Eu- 

taw Formation (Santonian-Campanian) of Georgia, 
but additional details are needed to pursue this 
comparison further. 

16. Monocot leaf type 2 

Figure 13B. 

Leaf fragments with fine parallel venation; ap¬ 
parently with parallel margins. Maximum length ca. 


60 mm (incomplete). Maximum width ca. 16 mm. 
Center of the leaf occupied by a darker region per¬ 
haps indicating greater leaf thickness (Fig. 13B). It 
is unclear whether there is a single thick central 
vein or just a cluster of parallel veins embedded in 
thicker leaf tissue. 

This leaf type is represented by a single speci¬ 
men in our collections. While almost certainly a 

w 

monocot, the systematic affinity of this leaf type 
within the group is uncertain. This specimen may 
ultimately be resolved as a variant of monocot leaf 

J 

type 1. 


Hamamelidaceae subfamily Hamamelidoideae 

17. Allonia decandra Magallon-Puebla, Herendeen 



& Eru 

Figure 14 A—C. 

Flowers actinomorphie. pentamerous, ca. 2. <5 
mm from base to tip of anthers. Perianth consists 
of a poorlv preserved calyx represented by irreg¬ 
ular, abraded lobes on the floral cup, and narrow, 
linear petals (apparently five in number). The an¬ 
droecium is composed of ten stamens in two al¬ 
ternating cycles of five (Fig. 14A). The stamens 
have a very short filament and a long anther with 
a well-developed extension of the connective (F ig. 
14B). Pollen grains are spherical to slightly oblate. 


21-26 pan in diameter, tricolpate with a prominent 
reticulum. Internal to the stamens are structures 
that may represent a nectariferous disk. The gy- 
noecium is unknown. Isolated seeds similar to 
those of extant subfamily Hamamelidoideae also 
occur in the Allon flora (Fig. 14D, E). The seeds 
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figure 11. Mesofossils from the Allon locality. Georgia (late Sanlonian; Late Cretaceous): Taxon 13. Trimerous 
slaminate flowers (cl. Iriuridaceae). —A. Staminate flower with six perianth parts (one broken at base) and three 
stamens with remains of open sessile anthers: PP4517f>. — B. Lateral view of staminate flower with three anthers borne 
on a central fleshy column: I I 451 / C. Apical view of stamens from B showing open thecae ami fleshy apical 
extension of the connec tive; PP45I77. —I). Detail of broken staminate flower with sessile extrorse anthers showing 
details of the anther wall in cross section: PP45I78. Scale bars: A = I mm: B-l) = 100 gm. 


are 1.0—1.2 mm long, 0.25—0.36 mm wide, ap¬ 
proximately oval in outline with an oblique, elon¬ 
gate hilum. 

This fossil flower was described in detail by Ma- 

J 

galldn-Puebla et al. (1996). The morphological 

and palynological features observed in Allonia in¬ 
dicate an affinity to the subtribe Loropetalinae 
(tribe Hamamelideae). Cladistic analysis of the re¬ 
lationships within Hamamelideae placed Allonia 
as sister taxon to the extant southeast Asian genus 
Maingaya Oliver, which includes a single species. 
Allonia is represented in the Allon flora by one 
incomplete flower specimen and numerous dis¬ 
persed anthers. Dispersed seeds number ca. 15. 


cf. Hamamelidaceae 

18. Hower with apieally connate stamen connec¬ 
tives 

figure 15. 

Flower small, ca. 1.5 mm in diameter, actino- 
morphic, hypogynous and 5-parted. The perianth is 
represented by five petals or their bases. The an- 
droecium is formed by ten stamens in two whorls 
of five. The stamens have a very massive filament 
(fig. 15D, F), short anthers, and a long apical ex¬ 
pansion of the connective. The filaments are later¬ 
ally connate near their base, forming a proximal 
continuous androecial ring (Fig. 15A). The stamens 
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Figure 12. MesofossiIs from the Allon locality, Georgia (late Santonian; Late Lretaceous): laxon 14, Iriearpellate 
(lower (cf. monocots). —A. Apical view of trimerous flower showing tricarpellate gynoecium; l > l , 45l 7'). —B. Lateral 


view of young fruit showing elongated, separate hut confluent, styles; PP45180. —C. Oblique view ol specimen in \ 
showing remains of perianth and filament bases. — 

Scale bars = 1(H) pan. 


9 ® 

I). lateral view of specimen in A and C showing perianth part. 


of the inner whorl have four pollen sacs, hut the 
stamens of the outer whorl are bisporangiate. Abun¬ 
dant pollen grains are found on the adaxial surface 
of stamens and on the center of the flower. Pollen 
grains are tricolpate, with a coarse, slightly hetero¬ 
geneous reticulate exine ornamentation. The details 
of structures in the center of the flower are cur¬ 
rently uncertain. 

This complex flower is known from only two 
specimens. The crowding of pails in the center of 
the flower, and the presumed modified condition of 
several floral organs have precluded a secure iden¬ 
tification of the nature of the available structures, 
and the interpretation of floral organs. Therefore, 
the floral structure described here is currently ten¬ 
tative. Detailed examination and dissection of ad¬ 
ditional specimens will be necessary to fully un¬ 
derstand the organization of this flower type. Based 
on the preliminary data currently available, the 
elongate apical extensions of the connective, the 
basically pentamerous architecture, and the exine 


culpture of the pollen grains suggest a possible 
elationship to the subfamily Hamamelidoideae 
Hamamelidaceae). However, further comparisons, 
ncluding comparisons with other families of basal 
mdicots, are necessary once additional specimens 

i rp rl i ^pnvprpn _ 


cf. subfamily Altingioideae, Hamamelidaceae 

19. Capitate inflorescence 
Figure 16. 

Inflorescence capitate, spherical, diameter 1.6 
mm, flowers sessile (Fig. 16A, B). Material consists 
of a single, abraded specimen in fruit. The inflo¬ 
rescence bore at least 20 flowers. Perianth and an- 
droecium are unknown. The gynoecium consists of 
two united and at least partially inferior carpels. 
The styles are free. Each ovary has two locules and 
numerous ovules (Fig. 16C, D). Pollen unknown. 

Only a single specimen of this taxon is available. 
The available character information is currently in- 
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figure 13. Macrofossils for the AI Ion locality. Georgia (late Santonian; Late Cretaceous): Taxa 15 and 16. Monoeot 

A ft ■ A A _ 


leaves: light micrographs. —A. Taxon 15. Monoeot leaf type I. macrofossil; PP45379. 
type 2, macrofossil; PP45380. Scale bars = 10 mm. 


B. Faxon 10. Vlonocol leal 


sufficient to assess systematic relationships, but the and develop from epigynous flowers with two (Fig. 


morphology of the inflorescence and fruits is sug- 17D) or th 


(Fig. 17C) carpels. The triangular 


gestive of altingioid Hamamelidaceae. Additional fruits bear six short tepals at the apex (Fig. 17C). 

Associated cupules are pedunculate, four-lobed, 
and hear three or more fruits (Fig. 17E). The cupule 


specimens art* needed to pursue this comparison 
further. 


lol >es bear three 


Fagaceae s 


ies of bracts similar to those 


lat 


o 


20. Protofagacea allonensis Herendeen, Crane & 


rman 


Dri 
Figure 17. 

Material consists of staminate infl 


orescence 


subtending the staminate dichasia. 

This fossil taxon was treated in detail by Her- 

w 

endeen et al. (1 ( ) ( )5). Comparisons of Protofagacea 
alh )nensus with extant taxa clearly indicate a rela- 

w 

tionship to extant fagaceae sensu lato, based par¬ 
ticularly on the presence of the cupule, the form of 


units, dispersed staminate flowers, fruits, and cup- the fruits, and the morphology of staminate inflo- 
ules. Staminate flowers are typically borne in sev- rescences and flowers. However, pollen morphology 


en-Howered dichasia subtended by three seri 


d (probably plesiomorphic) differs from that of extant 
bracts (Fig. 17A). Flowers have six small imbricate taxa. Detailed resolution of the affinities of Proto- 

t< pals in two (\( les of three, 12 stamens in two fagacea will require a clearer understanding of 

cycles of six, and a vestigial gynoecium with three characters and relationships among extant Faga- 


styles surrounded by a mass of simple trichomes 


ceae 


Protofi 


(fig. 17B). Pollen is very small, prolate, tricolpor- (illonensis is one of the five most abundant angio- 


sperm 


ate, and reticulate to microfoveolate. Associated 
fruits are triangular or lenticular in cross section or partial speci 



1000 


*). 
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Figure 14. Mesofossils from the Allon locality, Georgia (late Santonian; l.ate Cretaceous): Taxon \l,Allonia decan- 
dra Magallon-Puebla, Herendeen & Kndress (A—C) and associated seeds (I), K) (llamainelidaceae). A. Oblique view 
of flower with ten stamens and sepal remnants; PP44595. —B. Abaxial view of stamen with long anther and a linear 
petal on the left: PP44676. —(7 Adaxial view of specimen in B showing portions of two anthers and possible lobe ol 
nectariferous disk. —I). Seed characteristic of Hamamelidoideae showing oblique elongate hilum scar: PP449B5. 

K. Seed characteristic of Hamamelidoideae showing oblique elongate hilum scar: PP44680. Scale bars: A - I mm: B- 


I 


1 (K) |xm. 
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Figure 16. Mesofossils from the Allon locality, (Georgia (late Santonian; l,ate Cretaceous): Taxon 19, Capitate in- 
fmctescence (cf. Hamamelidaeae subfamily Altingioideae). —A. Oblique view ol infructescence showing arrangement 
of young fruits; PP45181. —If. Lateral view of specimen in A. Note the walls ol some fruits arc abraded, revealing 

W ' _ 

numerous rounded ovules or seeds. —C. Apex ol single fruit from infructescenee in A. showing remains ol two st\le 
bases. —I). Ira ns verse section of fruit from infructescence in A. showing two locules and numerous rounded ovules or 
seeds. Scale bars = 1(M) |xm. 


21. Antiquacupula sulcata Sims, Herendeen & 
Crane 
Figure 18. 

Material consists of staminate flowers, bisexual 
flowers, fruits, and cupules. Staminate flowers are 
pedicellate (Fig. 18G), with six tepals in two cycles 
of three, 12 stamens, and a vestigial gynoecium 
with three styles (Fig. 18G— I). Bisexual flowers are 
epigynous and actinomorphic (Fig. 18D, E), with 


six free tepals in two whorls, 12 free stamens, and 
a syncarpous gynoecium with three styles that are 
partially connate below, with trichomes around and 
between the style bases. The ovary is trilocular with 
two anatropous, apieally pendulous ovules per lo- 
cule. Fruits are triangular in cross section, with 
nearly equal sides (Fig. 18C). Cupules contain at 
least six fruits (Fig. 18A, B). The staminate and 
bisexual flowers both have slender, thin-walled nee- 



Figure 15. Mesofossils from the Allon locality. Georgia (laic Santonian: bate Cretaceous): Taxon 18. Mower with 
apieally connate stamen connectives (cf. Hamamclidaceae). —A. Apical view of (lower, showing nine apieally connate 
stamen connectives, with one emptv space that probably corresponds to a stamen that has broken off: IT 15282. lb 
Lateral view of flower in A, showing pollen sacs and massive apical extensions of the stamen connectives. —C. Lateral 
view of flower, opposite side as in lb with empty space corresponding to a missing stamen. —1). Detail of extended 
stamen connective showing pollen sac below (right). —L. Oblique view of partially dissected flower showing broken 
pollen sacs and apical extension of the connectives. The center of the flower is comprised of a ring of bulbous structures 
(‘/nectaries). —F. Detail of stamens showing broken pollen sacs and prominent extensions of the connectives. —G. 
Detail of a stamen showing small pollen sacs and massive apical extension of the connective. —II. Lateral view of a 
stamen showing broken pollen sacs and apical extension of the connective. Scale bars = 100 pan. 
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figure 17. Mesofossils from the Allon locality, Georgia (late Santonian; Late Cretaceous): Taxon 20. Protofagacea 
allonesis Herendeen, Crane & Drinnan (Fagaceae sensu lato). —A. Diehasium of trimerous staminate flowers; PP44457. 

B. Single staminate flower showing anthers removed from diehasium; PP438.18. —C. Iricarpellate fruit with epigynous 
perianth and tliree style bases; PP445777. —I). Small hiearpellate fruit showing remains of tepals; PP45183. —K. 
Cupule specimen showing fruit scars; PP44567. Scale bars = 100 pan. 


tary lobes between the filament bases (Fig. 181), 
and distinctive, multicellular glandular structures 
on the surface of the gynoecium. Pollen grains 
found in situ, and also on the surface of the flowers 


and fruits, are small and trieolporate, with a 
perforate tectum. 

This fossil taxon was described in detail by Sims 
et al. (1998). Antiquacupula (and Protofagacea) 
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shares several characters with extant rosids and ha- 
mamelids, and may prove to he a key taxon in fu¬ 
ture work examining relationships among these 
groups, as well as within the Fagaceae. The pres¬ 
ence of a cupule, which is widely considered a syn- 
apomorphy of the family, plus trimerous flowers, 
and an inferior, trilocular ovary with two apically 
attached, pendulous, anatropous ovules per locule, 
are all characters of extant Fagaceae sensu lato, 
and support the relationship of Antiquacupula to 
this group. Current data are insufficient for confi¬ 
dent assignment to a particular taxon within Fa¬ 
gaceae sensu lato. 

Antiquacupula and Protofagacea share charac¬ 
ters with both Nothofagaceae and Fagaceae sensu 
stricto, as well as with some families < >f R osidae. 
Evaluating the relationships of Antiquacupula and 
Protofagacea is complicated by uncertainties re¬ 
garding the relationships among extant Fagaceae. 
Recent cladistic analyses of morphological and/or 
molecular data have shown the Fagaceae sensu lato 
to be paraphyletic, and have therefore placed Noth - 
ofagus in a separate family from Fagaceae sensu 

stricto (Nixon, 1989; Chase et al., 1993; Manos et 
al., 1993; Manos & Steele, 1997). Under this in¬ 
terpretation, the presence of a cupule is no longer 
an unambiguous synapomorphy for the group. In 
this context, the presence of a cupule in the fossil 
taxon may support a relationship to the fagaceous 
grade, but it does not help to resolve relationships 
with respect to Fagaceae sensu stricto and Notho¬ 
fagaceae. Antiquacupula sulcata is one of the five 
most abundant angiosperm mesofossils in the Allon 
assemblage (> 1000 whole or partial specimens). 


cf. Juglandales/Myricales (family incertae sedis) 

22. Caryanthus sp. Friis 
Figure 19. 

Flowers small, 1.1 mm long, 0.75 mm wide, ap¬ 
parently bisexual; epigynous (Fig. 19A, B), tepals 
free, imbricate; stamens six, free. Associated dis¬ 
persed anthers are basifixed with longitudinal de¬ 
hiscence slits. Pollen grains in situ within dis¬ 
persed anthers, and on the surface of the flowers, 
triaperturate with three very short colpi. Gy- 
noecium composed of an inferior ovary (Fig. 19A— 
C) and a single style, locule number unknown; sim¬ 
ple trichomes are present on the outer surface of 


the fruit wall. Pollen associated with these speci- 

is referable to the Normapolles pollen taxon 
Pseudoplicapollis endocuspis Tschudy (1975: 22, pi. 
13, figs. 1—7, text-fig. 20). 

A detailed treatment of this taxon is presented 
by Sims et al. (1999). Normapolles-type pollen 


grains are diverse and abundant in Late Cretaceous 
floras from eastern North America and Europe, but 
so far flowers with in situ Normapolles pollen have 
only been recovered from Europe (Friis, 1983; Friis 
& Crane, 1989) and the Allon locality (Sims et al., 
1999). Caryanthus knoblochii Friis (1983), with 
which the Allon material shares many significant 
features, is probably closely related to extant Jug¬ 
landales/Myricales. The species is represented in 
the Allon flora by five specimens. 

23. Normapolles flower type A. 

Figure 20. 

The single known specimen is bisexual (desig¬ 
nated as “Unnamed Normapolles flower A” by Sims 
et al., 1999), approximately 1.7 mm long, strongly 
flattened, and 1.1 mm in maximum width. The peri¬ 
anth and the androecium are poorly preserved (Fig. 
20A, B). Apparently three stamen filaments are 
present, each opposite a tepal (Fig. 20C). Although 
none of the stamens are preserved with attached 
anthers, the filaments are covered with more than 
30 grains of a single type of palynomorph. Pollen 
grains are triporate and small (ca. 10—11 |xm in 
equatorial diameter), with a verrucate tectum. The 
ovary is inferior, style number is unclear. Although 
it is not possible to refer the pollen to a Norma¬ 
polles pollen taxon without more data on internal 
structure, the grains appear to show polar thinning 
of the exine and circular external apertures, fea¬ 
tures exhibited by the post-Normapolles genus 
Momipites. The structural similarities of this flower 
to the Normapolles flowers described by Friis 
(1983) and the presence of probable Momipites pol¬ 
len (Nichols & Ott, 1978; Frederiksen & Christo¬ 
pher, 1978) are both suggestive of a relationship to 
the Juglandales/Myricales. 

cf. Betulaceae 

24. Bedellia pusilla Sims, Herendeen, Lupia, 

Christopher & Crane 

Figure 21. 

Staminate flowers are actinomorphic, ca. 0.25— 
0.4 mm in diameter. Tepals free, imbricate, in two 
cycles of five, ca. 0.5—1.0 mm long, 0.1—0.2 mm 
maximum width (Fig. 21A—C). Stamens ten, free, 
filaments long, extending beyond tepals (Fig. 21C). 
Anthers ca. 0.6-0.9 mm long, basifixed, dehiscing 
by longitudinal slits (Fig. 2ID). Ovary absent. Pol¬ 
len grains oblate to peroblate, equatorial outline tri¬ 
angular with concave to occasionally straight sides 
and rounded comers. Pollen triaperturate with 
three very short colpi, weakly developed arci on 
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Figure 19. MesofossiIs from llie Allon loeulily. Ccorgia (lale Saulonian; l,ale Cretaceous): Taxon 22. Caryanthus s|> 
Friis (cf. Juglantlales/Mvrii ales). —A. lateral view of flower with remains of perianth and stamen filaments; l’P4. r >09. r >. — 
IT Opposite side of flower shown in A. —Mower with remains of stamen filaments and single style; PP45096. —I) 
()bli<|ue view of apex of flower in A showing numerous pollen grains around filament bases. Seale bars = 100 pm. 


Figure 18. Mesofossi Is from the Allon locality, Georgia (lale Santonian; Late Cretaceous): Taxon 21 n Antiquacupula 
sulcata Sims, Herendeen & Crane (Fagaceae sensu lato). —A. Lateral view of cupule with young fruits; PP4475I. — 
B. Apical view of cupule with fruits shown in A. —C. Incomplete cupule with one fruit; PP44752. —l). Lateral view 
of young fruit with attached perianth parts and stamen filaments: PP44764. —E. Apical view of fruit shown in I). — 
K Lateral view of mature fruit showing longitudinal ribbing: note abraded perianth at apex: I I >44814. — G. Lateral 
view of pedicellate staminate flower: PP44771. —H. Apical view of young staminate flower showing stamens and 
pistillode; PP44768. —I. Apical view of mature staminate (lower: note filament bases alternating with presumed nectary 

lobes; PP44769. Scale bars: A—F, I = 1 mm; G, H = 100 pm. 
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figure 20. Mesofossils from the AI Ion locality* Georgia (late Santonian; Late Cretaceous): Taxon 23, Normapolles 
(lower ty|>e A (cl. Juglandales/Myricales). —A. Poorly preserved fruit with remains of perianth and stamen filaments; 
PP45097. —B. Opposite side of fruit shown in A. —C. Apical view of fruit shown in A and B. Scale bars = l(M) p.m. 


each hemisphere and between apertural regions. 
Pistillate flowers and fruits are unknown. 

The pollen associated with these specimens is 
referable to the Normapolles pollen taxa “New Ge¬ 
nus D sp. I) and New Genus D sp. A M of Christo¬ 
pher (1979), which were initially separated as two 
putatively distinct forms. The presence of arci (al¬ 
though weakly developed) and pollen ornamenta¬ 
tion both suggest a relationship to Betulaceae. 
Some species of Alnus also have basically pentam- 
erous flowers, although no extant Betulaceae have 
staminate flowers bearing ten perianth parts. Be- 
dellia is represented in the Allon flora by four spec¬ 
imens. 

Actinidiaceae 

25. Parasaurauia allonensis Keller, Herendeen & 
Crane 
Figure 22. 

Flowers are actinomorphic, 0.7—1.2 mm long, 
0.6—0.8 mm wide. Calyx composed of five imbricate 
sepals with multicellular trichomes on the abaxial 
surface (Fig. 22A). Corolla composed of five imbri¬ 
cate petals (Fig. 22B). Androecium of ten stamens, 
five of which are large, with the other five smaller. 


arranged in an alternating pattern (Fig. 22C, D). 
Anthers basifixed and deeply sagittate (Fig. 22C, 
D); pollen unknown. Gynoecium tricarpellate, with 
a synearpous, superior ovary' and three free styles 
emerging from an apical depression (Fig. 22E). The 
ovary is trilocular with intruded axile placentae 
bearing numerous ovules (Fig. 22F); mature fruit 
structure unknown. 

The structure, phylogenetic relationships, and 
evolutionary significance of Parasaurauia allonen¬ 
sis were treated in detail by Keller et al. (1996). 
The fossil flowers and fruits are most similar to 
those of the family Actinidiaceae, which includes 
three extant genera, Clematoclethra (Franchet) 
Maxim., Actinidia Lindley, and Saurauia Willd. 
(Keller et al., 1996). Of these, Parasaurauia allo¬ 
nensis is most similar to Saurauia , differing only in 
the number of stamens (10 in the fossil vs. 15 to 
numerous in Saurauia ). lake Parasaurauia allo¬ 
nensis , Saurauia has free styles with an adaxial Ion- 

w 

gitudinal groove, simple stigmas, and three to five 
carpels. Actinidia has numerous stamens, frequent¬ 
ly up to 30 carpels, and free styles with capitulate 
stigmas, f lowers of Parasaurauia are similar to 
Clethraceae and Diapensiaceae in being consis¬ 
tently tricarpellate, and are like most members of 
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from the Allon locality, Georgia (late Santonian; l,atc Cretaceous): Taxon 24, Bedelha pusilhi 

Staminate (lower with well-developed perianth and 

C. Apical view of 
—I). lateral 


Figure 21. Mesoiossus 

Sims, Herendeen, Lupia, Christopher & Crane (cf. Betulaceae). 
stamen filaments; PP45099. —B. Opposite side of flower in A showing two whorls of perianth parts. 


compressed staminate flower showing perianth and stamen filaments with abundant adhering pollen; PP45100. 
view of young staminate flower showing anthers and in situ pollen grains; PP45101. Scale bars = 100 |xm. 


the Ericales in hearing 10 stamens. However, Par¬ 
asaurauia differs most conspicuously from Cleth- 
raceae, Diapensiaceae, and other Ericales in hav¬ 
ing free styles. 

Phylogenetic relationships of Parasaurauia were 
evaluated through a cladistic analysis (Keller et al., 
1996). Parasaurauia is placed within the Actini- 
diaceae as sister to Actinidia plus Saurauia. Cle- 
matoclethra is resolved as the basal genus in the 
family. In this configuration, the free styles of Par¬ 
asaurauia , Actinidia , and Saurauia are best inter¬ 
preted as a synapomorphy that unites these genera, 
rather than a retained plesiomorphy in this group. 
Similarly, within the Actinidiaceae the presence of 


numerous stamens is a synapomorphy uniting Ac¬ 
tinidia and Saurauia rather than a retained ple¬ 
siomorphy. 

cf. Ericales 

26. Flower with stellate trichomes, type 1. 

Figure 23. 

Flowers are bisexual, hypogynous, actinomor- 
phic, and pentamerous, ca. 3 mm long, 2 mm wide 
(Fig. 23A, B). The five sepals are free to the base, 
taper gradually to an acute apex, and apparently 
have only sparse stellate trichomes on their abaxial 
surface. The corolla is represented only by the ba- 
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Figure 23. Mesofossils from the Allon locality, Georgia (late Santonian; I .ate Cretaceous): Taxon 2(). Mower with 
stellate triehomes, type 1 (cl. Ericales). —A. Obliijue view ol flower with valvate sepals, showing stellate trichonies 
and capitate stigma; PP45184. —B. Lateral view of specimen in A showing stamens with basifixed anthers and nu¬ 
merous stellate triehomes on ovary. —C. Specimen with sepals removed showing base of clawed petal, stamens, and 
numerous stellate triehomes; PP45185. —D. Detail of hasifixed anther from specimen shown in C. —K. Capitate stigma 


with five lobes; PP45184. —F. Fruit with numerous stellate triehomes on fruit wall. Apex of fruit is broken showing 
tips of the internal septae; PP45186. Scale bars. A—C = I mm; D—F = 1(H) pan. 


ses of clawed petals (Fig. 23C). The androecium 
consists of five free stamens with tangentially flat¬ 
tened filaments and hasifixed anthers (Fig. 23D, F]). 
Alternating with the stamen bases are five short, 


>road nectary 7 lobes. I he gynoecium consists of five 
connate carpels with a single style and a five-lobed, 
capitate stigma (Fig. 23E). Ovary 7 locule number is 
mknown. The surface of the gynoecium and the 



Figure 22. Mesofossils from the Allon locality, Georgia (late Santonian; Late Cretaceous): Taxon 23. Parasaurauia 
allonemis Keller, Herendeen & Crane (Actinidiaceae). —A. Flower bud showing sepals with conspicuous multicellular 
triehomes; PP44609. —B. Flower with sepals removed showing five imbricate petals; PP446I2. —C. Lateral view of 
flower in B with three petals removed showing stamens with sagittate anthers. —I). Lateral view of flower shown in B, 
C with all petals removed. Note sagittate anthers and free styles in the center. —F,. Fruit with locule broken open 
showing placentae and numerous seeds; F ) F > 4447(>. —F. Detail of specimen in F. showing seeds. Scale bars = 1(H) pm. 
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filament 


covered l>y numerous stellate tri- 


chomes (Fig. 23F). 

Fossil flowers very similar to these specimens 
from Allon were first described from the Campanian 


of Martha’s Vineyard, M 


husetts (Tiffney, 


1977). They are also known from the Turoni 


of 

New Jersey (Crepet, 1996, plate IV, 1—9; Crepet & 

flower is also 


Nixon, 1996, fig. 11A-G). The 

known from fossil localities of similar age on Upatoi 


Creek in western Georgia (Herendeen et ah, un¬ 
published data). Flowers of this type are rare at the 
All on locality. 


27. Flower with stellate trichomes, type 2. 

Figure 24. 

Flowers are bisexual, hypogynous, actinomor- 
phic, 3 mm long, 2.5 mm wide, with pentamerous 
calyx, corolla, and androecium; number of carpels 


unk nowti. The five 


pals < 


imbricate and free 


(Fig. 24B), with obtuse to acute apices. Numerous 


stellate trichomes cover the abaxial surface of the 


sepals (Fig. 24A). The corolla 


presented oidy 


by the bases of clawed petals. The androecium ap¬ 
parently consists of five free stamens; filaments are 
not markedly flattened; anthers are unknown. Al¬ 
ternating with the stamen 



s are five short, 
broad structures that we infer to be nectary lobes 

w 

(F ig. 24D). The gynoecium consists of a syncarpous 
ovary 7 with a single style (Fig. 24C); stigmas are not 


preserved. Ovary locule number is unknown. The 
ovary' is roughly triangular in outline with rounded 
corners. The surface of the gynoecium, the fila¬ 


ments, and abaxial surface of the calyx also < 
covered by numerous stellate trichomes. 

This fossil flower is similar in general organiza¬ 
tion to the previous taxon (taxon 26), except that 
the sepals are broader arid are densely covered by 


stellate trichomes, the filaments are less strongly 
flattened, and the ovary is broader, shallower, and 
has a triangular outline. This taxon and the previ¬ 
ous one may be variants of a single species or two 


species 


in th 


e 


genus. Similar variation was 


observed among the comparable fossils that were 
recorded from the Turonian of New Jersey (Crepet, 
1996; Crepet & Nixon, 1996). Flowers of this type 
are very rare at the Allon locality. 


28. Fruits bearing large peltate trichomes 

Figure 25. 

Flowers bisexual, hypogynous, somewhat bilat¬ 
erally symmetrical, ca. 3 mm long, 2 mm wide. Ca¬ 
lyx composed of five thick, triangular, valvate se¬ 
pals, three of which are broader than the other two 

(Fig. 25A, B). Corolla not preserved. Androecium 
composed of eight stamens, which alternate with 


eight square-shaped structures that we interpret as 
nectary lobes. The gynoecium consists of a superior 
ovary that is roughly triangular in outline, with a 
single style that appears to have a hollow, fluted 
central canal, and a stigma that is three-lobed. In¬ 
ternally, the ovary' has three locules and massive 
axile placentae bearing numerous ovules (Fig. 
25C). The fruit is a locul icidally dehiscent capsule 


(Fig. 25D). The abaxial surface of the sepals and 
the gynoecium are covered by numerous, overlap¬ 
ping, peltate trichomes. 

Flowers identical to these have been reported 
from the Turonian of New Jersey (Weeks et al., 

w 

1996) and are also known from the Coniacian-San- 
tonian of Georgia (Upatoi Creek; Herendeen & 
Crane, unpublished data). Weeks et al. (1996) used 
a cladistic analysis to assess the systematic rela¬ 
tionships of the fossils from New Jersey, and they 
tentatively concluded that this taxon may be a basal 
member of the order Ericales. F’ossils of this taxon 
rare at the Allon locality. 


Miscellaneous Fossil Angiosperm Flowers, Fruits, 
and Other Structures: Order and Family Incertae 
Sedis 


29. Pentamerous flower with inferior ovary' 

m 

Figure 26. 

The flowers are epigynous, presumably bisexual, 
ca. 2 mm long, 1.75 mm wide, with a pentamerous 
calyx (Fig. 26A). The sepal lobes are triangular 
with an obtuse, rounded apex. The corolla and an¬ 
droecium are not preserved. The hypanthium has 
slightly prominent longitudinal ridges. The gynoe¬ 
cium consists of an inferior ovary and three free 
styles (Fig. 26B). Pollen grai ns on the style surfaces 
are tricolporate. 

These flowers are comparable in general mor¬ 
phology to flowers of Hydrangeaceae, Saxifraga- 
ceae, and Grossulariaceae, hut currently available 
details are insufficient to evaluate their possible 
systematic relationships. Flowers of this type are 
very rare at the Allon locality. 


30. Pentamerous flower with semi-inferior ovary 
Figure 27. 

Flowers bisexual, 1 mm long, 0.9 mm wide, with 
a semi-inferior ovary (Fig. 27A, B). Calyx composed 
of five free sepals that are abruptly narrowed above 
the base (Fig. 27D); distal portions of sepals are 
short and blunt (Fig. 27A, D). Corolla not pre¬ 
served. The androecium is composed of five sta¬ 
mens that alternate with five apparent staminodes 
(Fig. 27A, D). The five fertile stamens arc opposite 
the sepals and have short filaments and small, dor- 
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Figure 24. Mesofossils from (lie Allon locality, Georgia (late Santonian; l,ate Cretaceous): Faxon 2;, Flower with 
stellate trichomes, type 2 (ef. Kricales). —A. Lateral view of flower with numerous stellate trichomes on outer surface 
of sepals: PP45187. —B. Apical view of flower in A showing imbricate sepals. —C. Oblique view ol flower showing 
remains of perianth and single style; PP45188. —I). Apical view of specimen in C showing sepals, large nectary lobes 
alternating with sepals, and the bases of two filaments. Scale bars — 1 mm. 


sifixed anthers. The presumed staminodes (or pos¬ 
sibly stamens that have lost their anthers) alternate 
with the sepals and are approximately one-third 
longer than the fertile stamens. The gynoecium 
consists of a half inferior ovary and two short styles. 
Locule number and mature fruit structure are un¬ 
known. 

This flower is similar in some respects to Tyler- 


ianthus crossmanensis Gandolfo, Nixon & Crepet 
(1998) from the Turonian of New Jersey. However, 
the specimens described here differ in shape ol the 
sepals, the dorsifixed rather than basifixed anthers, 
and details of in situ pollen. The abruptly narrowed 
sepals, stamens opposite the sepals, staminodes al¬ 
ternate to the sepals, and the bicarpellate half in¬ 
ferior ovary are all features consistent with a rela- 
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Figure 25. Mesolossils from the Alton locality, Georgia (late Santonian; Late Cretaceous): Taxon 28, Fruits hearing 
large peltate trichomes (cl. Lricales). —A. doling fruit with five fleshy sepals and eight well-developed nectary lohes; 
note triangular outline ol young fruit and numerous peltate trichomes on the sepals and young fruit: PP45189. —B. 


Literal view ol specimen in A showing peltate trichomes on sepals and ovary. —C. Abraded fruit specimen showing 

—I). Mature trilocular capsule 
with numerous seeds and persistent sepals: note loeulieidal dehiscence: PP45191. Scale bars = I mm. 


[ WWW — WWW- - V ^ ^ | r • ■ ■ * • \ ' f 1 V • V.J • i 

(missive placenta and numerous ovules; note basal (united) portion of style; PIM-Sl’tO. 


tionship to Hydrangeaceae and Grossulariaeeae. 
Pew specimens of this taxon are known. 

31. Flower with spindle-shaped inferior ovary 
Figure 28. 

Flowers bisexual, epigynous, forming a long, 
spindle-shaped fruit that is 4-8 mm long. Calyx 


abraded, connate at least at the base, number of 
sepals unknown. Corolla abraded, connate at least 
at the base, number of petals unknown. Stamens, 
possibly five, enclosed within corolla (Fig. 28A, E), 
exserted at maturity (Fig. 2811). Filaments free, at¬ 
tached at base of corolla tube (Fig. 28H). Anthers 
apparently dorsifixed. Gynoecium composed of 
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Figure 20. Mesofossils from the Allon locality. Ceorgia (late Santoniaiu l^ite Cretaceous): Taxon 29, Pentamerous 
flower with inferior ovary. —A. Lateral view ol flower showing inferior ovary, three styles, and five sepals; PP44603. 
—B. Apical view of flower in A showing three styles. Seale bars = KM) (xrn. 


long, slender inferior ovary. Styles three, basally 
united, but free for most of their length and re¬ 
curved at maturity (Fig. 28C, G). The stigma is de¬ 
current on the distal third of the style. Locule and 
ovule number unknown. Large open pores (^modi¬ 
fied stomata) at base of style may represent nectar¬ 
iferous tissue. Mature fruits are spindle-shaped 
with longitudinal ridges (Fig. 28B, C). Pollen grains 
are prolate, tricolporate, with an open reticulum 
that becomes closed toward the colpi. 

Complete specimens of this flower have not been 
recovered, and details of perianth structure are 
poorly known. The fruits are especially abundant 
in the Allon samples and are almost always pre¬ 
served as compressed lignitized specimens. The 
pollen grains are distinctive and have been found 
on all of the dispersed parts (Lupia et al., 1995). 
The flowers may have been protandrous. Some 
specimens are preserved with the three style lobes 
tightly appressed (Fig. 28D, H), while others have 
the style lobes recurved with the presumed stig- 
matic surfaces exposed (Fig. 28C, G). One speci¬ 


men with appressed style lobes has an elongated 
filament still attached (Fig. 28H). This specimen 

may indicate that the stamens were exserted, and 

/ * 

m 

reached maturity, before the stigmatic* surfaces 
were exposed. 

These fossils are broadly similar to Esgueiria 
Friis, Pedersen & Crane (1992), which was de- 
se ril >ed from the Late Cretaceous of Portugal and 
recently discovered also Irom the Late Cretaceous 
of Japan (Takahashi, Crane & Ando, unpublished 
data). Friis et al. (1992) suggested that Esgueiria 
has a close relationship with the Combretaceae 
(Myrtales), although free style lobes do not occur 
in any extant member ol the family. Free style and 
stigma lobes are present in some other members of 
Myrtales. Additional details of perianth structure, 
and locule number, are needed for a more complete 
assessment of possible relationships. This morpho- 
type is one of the five most abundant angiosperms 
at Allon (> 1000 whole or partial specimens) and 
is the only mesofossil that has also been recognized 
in the compression flora (Fig. 28C). 
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Figure 2<. Mesofossils from the Allon locality, (Georgia (late Santonian; l-ate Cretaceous): Taxon .it). I’entamerous 
flower with semi-inlerior ovary. —A. I .atrial view of flower showing semi-inferior ovary, two styles, stamens with 
dorsifixed anthers, and long stamen filaments or staminodes; IM’45192. —B. Opposite side of flower shown in A. —C. 
Apical view ol flower shown in A. —I). Detail of flower in A showing narrow sepals and anther. Seale Bars = 1(M) pan. 


32. Flower with lobed petals 
Figure 29. 

Flowers bisexual, epigynous, 2 mm long, 1 mm 
wide. Perianth composed of a calyx, which is 
abraded in the available specimens, and lobed pet¬ 
als. Petals have either three (Fig. 29A) or two lobes 
(Fig. 29B). Stamen number unknown but possibly 
five; details of filaments and anthers unknown. Gy- 
noecium bicarpellate with a semi-inferior ovary 
with two placentae and several ovules (Fig. 29E). 
Two short, free styles are inserted between two 
large, prominent, spongy structures at the apex of 
the ovary (Fig. 29C, D). Pollen grains are small 
(polar axis 6 |xm), prolate, tricolporate, tectate, and 
microechinate. Fruits are small, triangular in out¬ 
line, with a thin epidermis or epicarp that is fre¬ 
quently not preserved, and a thicker endocarp that 


dehisces to yield two valves. Mature fruits have a 
single locule (Fig. 29E), and apparently only a sin¬ 
gle seed develops to maturity. 

One of the most distinctive features of these flow¬ 
ers is the large, spongy, bilobed structure that is 
located above the insertion of perianth and stamens 
(Fig. 29C, D). Two short styl es are located between 
these structures. Most specimens are lignitized and 
compressed, and these structures appear as wings 
or a continuation of the ovary (Fig. 29A, D). How¬ 
ever, several charcoalified specimens (e.g.. Fig. 
29C) clearly show that these structures are not part 
of the ovary. They are similar in appearance to a 
massive bilobed nectary disk. 

The fossil flowers and fruits are similar in many 
respects to those of the Araliaceae and Apiaceae. 
A minute calyx, lobed petals, large nectary disk. 
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bicarpellate gynoecium with an inferior ovary, and 
free styles are all features found in these families. 
However, parietal placentation and more than one 
ovule per locule are features not found in extant 
Araliaceae or Apiaceae. Additional study of the fos¬ 
sil specimens, and extant Araliaceae and Apiaceae, 
is needed before the relationships of these fossils 
can be understood in more detail. 

This taxon is one of the five most abundant taxa 
in the Allon flora (> 1000 whole or partial speci¬ 
mens). 

33. Trimerous flower with numerous coarse 

trichomes 

Figure 30. 

Flowers are slender, pedicellate, 2-3 mm long, 
1—1.5 mm wide, with numerous long, coarse tri¬ 
chomes on all flower parts. Most specimens are 
abraded with perianth and androecium broken. 
Perianth usually composed of six tepals (Fig. 30D, 
E), but flowers with five tepals also occur. Tepals 
are narrow and taper to an acute apex (Fig. 30A, 
B). Stamen filaments are broken, anti anthers are 
unknown. At least six filaments are present, but the 
exact number is unknown (Fig. 30C). Filaments 
bear numerous coarse trichomes. Some specimens 
contain three relatively long, slender styles; others 
have no evidence of styles. Other details of the gy¬ 
noecium are unknown. Pollen is tricolporate, ea. 
15-17 |xm long, with a perforate tectum. 

This flower type is very common, but it is poor¬ 
ly known because most specimens are broken. 
The long, coarse trichomes covering all surfaces 
are distinctive. Abraded specimens in which the 
trichomes have been broken have a distinctive 
pock-marked surface. The flowers are similar to 
the staminate flowers of Antiquacupula sulcata 
(taxon 21) but differ in several respects, espe¬ 
cially the more numerous trichomes, larger pol¬ 
len grains, and absence of the obvious united 
style base. It is possible that these flowers rep¬ 
resent another taxon of Fagaceae sensu lato but 
more structural details are needed to pursue this 
comparison further. 

34. Capitate inflorescence of pentamerous flowers 

Figure 31. 

Inflorescence capitate, borne terminally on a 
slender stalk, small, diameter ca. 1.2 mm, contain¬ 
ing ca. 20 sessile flowers (Fig. 31A, B). Flowers 
small, diameter ca. 0.4 mm. Calyx composed of five 
free sepals with broadly rounded apices and scat¬ 
tered simple trichomes on the abaxial and adaxial 
surfaces. Internal to, and alternating with, the se¬ 
pals are five long, slender structures that may be 


stamen filaments (Fig. 31C, D). Anthers not pre¬ 
served. Pollen has not been found on the specimen. 
The center of the flower contains a cycle of 10 awl- 
shaped structures (Fig. 3IB, D) that are presumed 
to represent the gynoecium, but details are un¬ 
known. 

This inflorescence is known from a single spec¬ 
imen. Many aspects of the flower structure are un¬ 
certain, and additional specimens are needed for 
more detailed characterization. 

35. Flower with pentamerous perianth and 
trimerous gynoecium 

Figure 32. 

Flowers are hypogynous, pedicellate (Fig. 32A), 
actinomorphic, ca. 1.2 mm in diameter. The calyx 
is pentamerous (Fig. 32B, D), the sepals are basally 
united for ca. 0.2 mm, free lobes ca. 0.7—0.8 mm 
long; sepal apex obtuse to acute. Corolla and an¬ 
droecium unknown. Gynoecium syncarpous, tricar- 
pellate, ovary superior, locule number unknown 
(Fig. 32D). Single style long, slender, hollow, fluted, 
apex acute. Surface of ovary papillose. Pollen 
grains tricolporate, exine slightly rugose. 

The short, broad ovary of these flowers, with a 
papillose surface, is one of their most distinctive 
features (Fig. 32C). These flowers are similar in 
some respects to those of some taxa in the Ericales, 
especially in the hollow, fluted style, but currently 
there is insufficient information to investigate re¬ 
lationships further. 

36. Flower with pentamerous calyx composed of 
thick valvate sepals 

Figure 33. 

Flowers are hypogynous (Fig. 33A), actinomor¬ 
phic, and possibly unisexual, 1-2 mm long, 1 mm 
wide. Calyx composed of five valvate, thick sepals 
that taper to an acute apex (Fig. 33B, C). Stamens 
apparently five, alternate with the sepals (Fig. 33D). 
Gynoecium not observed. Pollen grains are tricol¬ 
porate, polar axis 12 pm, with a finely reticulate 
exine sculpture. 

There are relatively few specimens available for 
this flower type, and few structural details have 
been documented. As a consequence, little is 
known regarding the possible systematic relation¬ 
ships of this fossil within the eudicots. 

37. Slender epigynous flower 
Figure 34. 

Flowers slender, epigynous (Fig. 34A—C), acti¬ 
nomorphic, apparently bisexual, 2.4 mm long, 1 
mm wide. Perianth composed of six narrow, free 
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Mgure 2d. Mesolossils from the Alien locality. Georgia (late Santonian: Lite Cretaceous): Taxon 31, Klower with 
spindle-shaped inferior ovary. —A. Literal view of abraded (lower showing stamens; PP45I93. —II. Young spindle- 
shaped fruit show ing apex of the gynneeiuni protruding above the remains of the perianth; 1*1*45194. —C. Compression 
lossil of spindle-shaped Iruit; note recurved style lobes (light micrograph); 1*1*45151. —I). Apical portion of gvnoecium 
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Mesofossils from the Allon locality, Georgia (late Santonian; I>ate Cretaceous): Taxon 32, Flower with 
-A. Flower with one trilohed petal; PP44597. —B. Flower with one hilohed petal; PP45198. —C. Young 


Figure 29. 

lobed petals. — 

fruit with large, hilohed nectary present; note that two short, free styles are present between nectary lobes: 1*1*45199. 
—D. Flower with several stamen filaments attached; note two styles in center; PI*45200. —E. Transverse fracture of 

w 

fruit showing placenta along suture on left: placenta on other suture removed during preparation: PP45201. Scale bars 
= 100 pm. 


tepals with an acute apex. Stamens 12, represented 
by filaments only, anthers not preserved, pollen 
grains unknown. Six filaments alternate with the 
tepals, six are opposite the tepals. Filaments are 
tangentially flattened and at least as long as the 
tepals (Fig. 34D, E). The filaments alternate with 


thin, slender structures (Fig. 34E). Ovary’ inferior, 
triangular in cross section with somewhat thickened 
corners. Styles lobes three. 

These flowers are very similar to the pistillate 
flowers of Antiquacupula (taxon 21) (Sims et al., 
1998) but differ in several features. The filaments 


showing remains of perianth and two of three style lobes; PP44599. —K. Oblique apical view of specimen in A showing 
anthers. —F. Apical view of flower showing remains of calyx tube and corolla tube; PP45195. —G. Apical portion of 
style showing three recurved style lobes; compare with styles in C; 1*1*45196. —11. Oblique view of flower showing 
style with lobes tightly appressed and remains of stamen covered w ith numerous pollen grains; 1*1*45197. Scale bars: 
A, D—H = 100 pm; B = 10 mm; C = 1 mm. 
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Figure 30. Mesofossils from the Alton locality, Georgia (late Santonian; I^ate Cretaceous): Taxon 33, Trimerous 
(lower with numerous coarse triehomes. —A. Lateral view of flower showing perianth with numerous, coarse, densely 
spaced triehomes; PP45202. —B. Opposite side ol flower shown in A: note two perianth parts are missing, revealing 
several narrow filaments covered with numerous triehomes. —C. Lateral view of flower with several perianth parts 
removed showing several filaments and abundant triehomes: PP45203. —I). Flower hud with intact calyx comprised 
of six tepals; PP45204. —E. Apical view of flower showing arrangement of tepals; PP45205. Scale bars: A—C = 0.5 
mm; D, E = 100 pan. 


are flattened, whereas they are terete in Antiqua- 
cupula , and there is no evidence of swollen filament 
bases in these specimens, while this is a consistent 
feature of Antiquacupula sulcata . There is also no 
evidence of longitudinal ridges and grooves on the 


ovary of these specimens, whereas again, this fea¬ 
ture is consistently observed on fruits of Antiqua¬ 
cupula sulcata . These flowers may represent a sec¬ 
ond species of Antiquacupula , but additional 
specimens and details are needed to pursue this 
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Figure 31. Mesofossils from the Allon locality, (Georgia (late Santonian; Late Cretaceous): Faxon 34, Capitate inflo¬ 
rescence of pentamerous flowers. —A. View of base of inflorescence showing central axis and several flowers with 
broken perianth: PP45206. —B. Lateral view of specimen in A. showing perianth of several flowers: flower at center 
has three of five sepals present. —C. Detail of specimen in \ showing a single flower with five fragmentary perianth 


parts (Ysepals). filaments, and possible gvnoecium. 
bars = 100 pan. 


I). Oblique view of specimen in A showing a single flower. Scab 


possibility further. This taxon is represented in the 
Allon flora by only two specimens. 

38. Epigynous flower with spherical ovary 
Figure 35. 

Flowers epigynous, bisexual, apparently actino- 

morphic, 4.2 mm long, 2.7 mm wide (Fig. 35A, B). 

Perianth abraded, poorly preserved. Calyx com¬ 
posed of possibly five sepals. Corolla not preserved. 
Fusiform structures (?stamens) numerous, grouped 
in possibly five bundles opposite the sepals (Fig. 
35B, C). Filaments of putative stamens short, an¬ 
thers with an acute apical extension of the connec¬ 
tive (Fig. 35C, D). Pollen not preserved. Gynoecium 
composed of a large, spherical inferior ovary and 
single thick style possibly with five distal free lobes 

(Fig. 35A, B). 


Thi s taxon is known from only one poorly pre¬ 
served specimen. An inferior ovary together with 


reral or- 


numerous stamens in bundles occurs in 
(lets of Dilleniidae, but more structural details are 
needed before possible systematic relationships can 


1 >< 


‘ assessec 


1 . 


39. Flower with very broad perianth parts and 
coarse fimbriate trichomes 

Figure 36. 


Flowers hypogynous with a perianth composed of 
a single cycle of 4—6 tepals (commonly 5), ca. 4 
mm long, 3 mm wide (Fig. 36A). Tepals very broad 
with prominent venation, apparently persistent in 
fruit. Tepals thin and foliose, glabrous, broadly 
rounded at the apex, with a relatively narrow base, 
but not clawed. Androecium and pollen grains not 
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Figure .'$2. Mesofossils from the Allon locality, (Georgia (late Santonian; I,ate Cretaceous): Taxon 35, Mower with 
pentamerous perianth and trirnerous gynoeciurn. —A. Lateral view of vertically compressed flower showing pedicel and 
thin sepals; PP45207. —B. Apical view of specimen in A showing pentamerous calyx. —C. lateral view of flower 
showing imbricate sepals and long style; PP45208. —I). Apical view of flower showing hollow style and papillose 
surface of the ovary; PP45209. Scale bars = 100 |xm. 


preserved. Gynoeciurn composed of a superior ova¬ 
ry with three locules and three free, but confluent, 
styles (Fig. 36B). The surface of the ovary is cov¬ 
ered by numerous large, coarse, fimbriate trichomes 
(Fig. 36C). The fruits are loculicidal capsules, with 
at least two seeds per locule (Fig. 36D). 

This taxon is represented by several hundred 
specimens, nearly all of which are preserved as 
compressed lignitized material rather than as char¬ 
coal. None of the specimens provide any evidence 
of an androecium, and no staminate flowers are 


known from the Allon flora that have a comparable 
perianth. Although specimens of this taxon are 
abundant, they currently provide insufficient struc¬ 
tural details to evaluate systematic relationships. 

40. Ovate fruit 
Figure 37. 

Fruits derived from a superior ovary, ovate, 3-4- 
mm long, 3.0—3.5 mm wide, with an acute apex 
bearing a single style scar (Fig. 37A, B). Fruits 
apparently unilocular with partial septae. Ovule 
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Figure 33. Mesofossils from the Allon locality, Georgia (late Santonian; Late Cretaceous): Taxon 36, Flower with 
pentamerous calyx composed of thick, valvate sepals. —A. lateral view of flower showing valvate sepals with acute 
apices; PP45210. —B. Apical view of flower showing sepals with acute apices; PP4521 I. —C. Oblique view of flower 
showing thick, valvate sepals; PP45212. —I). Flower with broken perianth revealing anthers; PP45213. Scale bars = 
1(H) ixm. 


and seed number are unknown. The fruit wall ap¬ 
parently consisted of a fleshy outer layer and a 
more resistant endocarp. The endocarp is charac¬ 
terized by the presence of lacunae that are clearly 
visible externally but apparently do not connect 
with the locule (Fig. 37D). The fruit wall is marked 
by three prominent longitudinal ribs that extend 
from base to apex. Nine less well developed ribs 


are also present, three between each major rib, and 
these generally do not extend all the way to the 
fruit apex. A poorly preserved perianth is present 
in some specimens (Fig. 37A). The perianth is ap¬ 
parently trimerous, but the quality of preservation 
is insufficient to confirm this feature. 

This morphotype is one of the five most abundant 
angiosperms at Allon (> 1000 whole or partial 
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specimens). However, there are insufficient distinc¬ 
tive characters to determine systematic relation¬ 
ships for this fossil fruit. The fruits are usually pre¬ 
served as laterally compressed specimens (Fig. 
37A, B), but a few charcoalified, three-dimensional 
specimens are also present in the Allon assemblage 

(Fig. 37D). 

41. Bicarpellate superior fruit 
Figure 38. 

Fruits ca. 2.25 mm long, 1.75 mm wide, 1 mm 

thick, apparently derived from a superior ovary, 
lenticular, bicarpellate with two persistent style ba¬ 
ses. Locule, ovule, seed, and pollen details are un¬ 
known. Possible perianth remnants are preserved 
on the base of one specimen (Fig. 38A). 

This fruit type is known from two poorly pre¬ 
served specimens, one of which is very abraded 
(Fig. 38B). The fruit is apparently deri ved from a 
superior ovary because remains of a perianth are 
present on one specimen (Fig. 38A). This feature 
confirms that this fruit is not the same as the len¬ 
ticular fruit of Protofagacea. This fruit type is sim¬ 
ilar in many features to specimens from Upatoi 
Creek in western Georgia (Herendeen et al., un¬ 
published data). Absence of pollen precludes com¬ 
parisons with fossils bearing Normapolles pollen 
and relevant extant taxa. Additional material is 
needed before this taxon can be understood in more 
detail. 

42. Epigynous flower with rounded sepals 
Figure 39. 

Flowers are epigynous, apparently actinomor- 

phic, 3.5—3.7 mm long, 2.5 mm wide, with a pen- 

tamerous calyx composed of short, broadly rounded 
sepal lobes, and a gynoecium with a single style. 
The ovary and calyx are covered by numerous 
short, blunt trichomes. Corolla and androecium are 
not preserved. Details of ovary structure are un¬ 
known. 

Th is flower type is represented by only a few 
poorly preserved specimens. The short, blunt, and 
often downwardly directed, trichomes are distinc¬ 
tive and have not been observed in other fossils 
from the Allon locality. Additional better preserved 


specimens are needed before systematic relation¬ 
ships can be evaluated. 

43. Pentamerous flower with braeteoles 
Figure 40. 

Flowers are pedicellate, subtended by a pair of 
fleshy braeteoles (Fig. 40A, B), hypogynous, ap¬ 
parently actinomorphic, ca. 1.5 mm long, and 1.5 
mm wide. The calyx is pentamerous, basally united 
for ca. 1/3 of its length, thick and fleshy except at 
the margins of the free lobes (Fig. 40C). Ovary com¬ 
posed of five carpels, superior, locule number un¬ 
known. There is a single style scar present at the 
apex of the ovary in a slight depression (Fig. 40C, 
D). Corolla and androecium are not preserved. 

Only a single specimen of this taxon is known. 
The style appears to have been inserted in a slight 
depression in the apex of the ovary. This feature is 
commonly present in flowers of Ericales. The calyx 
structure, gynoecium of five carpels, and the pres¬ 
ence of paired braeteoles are also consistent with a 
relationship to Ericales. Additional details, espe¬ 
cially of corolla and androecium. are needed for a 

j 

more precise assessment of the systematic relation¬ 
ships of this fossil. 

44. Immature bicarpellate fruit 
Figure 41. 

Flower epigynous with a thick hypanthium cup, 
which has small conical protuberances on its inner 
wall and slight longitudinal ribbing externally to¬ 
ward the base. Gynoecium bicarpellate, composed 
of a single inferior ovary and two free but confluent 
styles. The styles are shorter than the hypanthium 
cup. Details of perianth and androecium are un¬ 
known. 

This fossil is known from a single incomplete 
specimen of an immature fruit. The thick, well-de¬ 
veloped hypanthium cup is distinctive. No other- 
details are known for this fossil. 

45. Inflorescence with trimerous flowers 
Figure 42. 

Inflorescence pedunculate, cymose, bearing flow¬ 
er buds with a trimerous perianth. Flower buds are 
0.8 mm long and 0.4 mm wide. The peduncle is 
short and thick (Fig. 42B, C). At the apex of the 


Figure 34. Mesofossils from the Allon locality, Georgia (late Santonian; Late Cretaceous): laxon 37, Slender epi¬ 
gynous flower. —A. Lateral view of flower showing inferior ovary and perianth; PP452I4. —B. Opposite side of 
specimen in A with perianth removed showing filaments flanked by narrow, thin-walled structures. —C. Specimen with 
abraded perianth; PP45215. —D. Detail of specimen in A and B showing perianth, flattened filaments, and thin-walled 
structures alternating with the filaments. —E. Detail of specimen in C showing perianth, flattened filaments, and thin 
structures alternating with the filaments. Scale bars = MX) pm. 
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Figure 35. Mesofossils from the Allon locality, (Georgia (late Santonian: Late Cretaceous): Faxon 38, Kpigynous 
flower with spherical ovary. —A. Lateral view of flower showing ovary and sepals; PP452K). —B. Specimen in A 
showing broken ovary, clusters of stamens opposite two sepals, and base of thick style. —C. Detail of abraded stamens 
showing connective extension. —D. lateral view of stamen showing connective extension. Seale bars: A, B = 1 mm; 

C, D = 1(H) |xm. 
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Figure 36. Mesofossils from the Allon locality, Georgia (late Santonian; Late Cretaceous): Taxon 39, Flower with 
very broad perianth parts and coarse trichomes. —A. Lateral view of flower showing perianth: PP45217. B. Oblique 
view showing broad perianth members and three Iree styles: PP45218. —C. I lower with perianth parts removed to 
show superior ovary covered with coarse trichomes; PP43219. —I). Longitudinally fractured fruit showing ovules in 

situ; PP45220. Scale bars = 1 mm. 


peduncle there is a single flower pedicel, flanked 
by two clusters of flowers that are subtended by 
digitately divided bracts (Fig. 42D). Most flowers 
are broken off, and their position is indicated by 
pedicel bases only. The organization of the lateral 
groups of flowers is difficult to discern because the 
flowers are tightly clustered. In some specimens the 
lateral clusters appear to have a cymose organiza¬ 
tion. Flower buds, pedicels, and bracts are all cov¬ 
ered by numerous simple trichomes. 


fhe flower buds that are present on some spec¬ 
imens are too small to dissect for internal structural 
details, and no specimens with larger flowers at¬ 
tached are available. The flower buds are somewhat 
similar in gross morphology and trichome structure 
to young staminate flowers of Antiquacupula sulcata 

(taxon 21; Sims et al., 1998, fig. 4), but it has not 

yet been possible to compare details of flower struc¬ 
ture. Because there are other pedicellate flowers 
with trimerous perianth and long simple trichomes 
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figure 3<. Mt-solossils from the Alton loealitx. Georgia (late Santonian: Lite Cretaceous): Taxon 40. (Halt* fruit._A. 

lateral view of endocarp with remains of other fruit layers and perianth; PP45221. —B. Base of fruit showing attac hment 
sear, remains of perianth, and fleshy tissue adhering to endocarp: PP45222. —C. Basal view of fruit showing attac hment 
sear and remains nl perianth; note numerous small spheric al stmetures (’galls) on surface; PP45223. —I). Literal view 

C ] *.i r • hi • i i . p 


of endocarp with broken fruit wall showing loeule: note lac unae in endocarp; PP45224. Seale bars 


I mm. 




in the Alton flora, it is premature to associate thi 
fossil with Antiquacupula sulcata. The cymose or 
ganization with hracts subtending the lateral flower: 


is consistent w : ith inflorescence structure in Faga 
ceae sensu lato. This taxon is common in the Allot 

ssemblage. 


46. Strobiloid spicate axis 

Figure 43A, B. 

Axis fragment 2 mm long, 1.7 mm wide, fleshy 

W 

in appearance, with helically arranged scars (Fig. 


43A). The axis bears approximately 40 round at¬ 
tachment scars, each of which is flanked by two 
flange-like structures (Fig. 43B). No other structur¬ 
al details are available. 

This taxon is known from only a single specimen. 
It is not certain that this taxon is an angiosperm. 

47. Spherical capitate inflorescence 

Figure 43C, D. 

Capitate inflorescence on pedunculate axis. The 
specimen is 9 mm long. The presumed inflores- 
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Figure 38. Mesofossils from the Allon locality, Georgia (lale Santonian; Late Cretaceous): Taxon 41, Bicarpellate 
superior fruit. —A. Lateral view of specimen showing two style bases and remains of perianth; PP45225. —B. Lateral 
view of abraded fruit; PP45226. Scale bars = 1 mm. 


cence is represented by a spherical cluster of nu¬ 
merous presumed pedicel bases interspersed with 
trichomes (Fig. 43D). 

The single specimen is severely abraded, and 
other structural details are unknown. 

48. Miscellaneous axes with attached leaves/ 
bracts, type 1 

Figure 44A—C. 

There are two types of axes bearing closely 
spaced, helically arranged leaves/bracts. The first 
(taxon 48, Fig. 44A-C) has numerous, gradually 
tapering leaves (or bracts), each of which subtends 
a three-parted axillary structure (Fig. 44C). The 
leaves/braets are entire-margined with scattered 
simple trichomes on the abaxial surface and mar¬ 
gins. The shoot axis is longitudinally furrowed with 
raised peg-like leaf bases (Fig. 44B, C). The axil¬ 
lary structures included under type 1 may include 
more than one taxon but are too immature or poorly 
preserved to determine key structural details. 

49. Miscellaneous axes with attached leaves/ 
bracts, type 2 

Figure 44D, E. 

The second axis type (taxon 49, Fig. 44D, E) has 
numerous, abruptly apically narrowed leaves (or 


bracts), each of which subtends one to several 
rounded structures, the details of which are unclear 
from the available material. The leaves are entire- 
margined with scattered simple trichomes on the 


abaxial surface and margins. 

Axis type 2 shares some similarities with axis 
type 1 (taxon 48), but they differ most noticeably 
in the form of the leaves/braets. It is uncertain 
whether this structure was produced by an angio- 
sperm. 


50. Axis with pinnate bracts 

Figure 45. 

The axis is 1.7 mm long, 0.7 mm w ide, and bears 
bracts (or leaves) of two forms. The basal most struc¬ 
ture on the axis is a pinnately divided bract with 
numerous narrow, finger-like ‘"pinnae” (Fig. 45A). 
The other leaves on the axis are simple and entire- 
margined (Fig. 45B). The central (distal) portion of 
the axis bears numerous smaller, narrower entire- 
margined structures. The margins and abaxial sur¬ 
faces of all bracts/leaves support numerous simple 
trichomes. Internal anatomy of the axis is unknown. 

This axis is known from only a single specimen. 
The pinnately divided structure is similar in some 
respects to the preserved young leaves of fern leaf 

type 1 (taxon 4, Fig. 4). 
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higure 39. Mesolossils from the Alton locality, (Georgia (late Santonian; l^ite Cretaceous): Taxon 42, Fpigynous 
flower with rounded sepals. —A. Lateral view of flower showing inferior ovary and rounded sepal lobes; note numerous 
short trichomes covering surface of ovary; PP45227. —B. lateral view of flower; PP45228. Scale bars = I mm. 


Several types of dispersed seeds are known from 
the All on Mora. We describe and illustrate three 
types that are among the most common in the Allon 
assemblage. 

51. Miscellaneous seed type 1 
Figure 46A. 

Small seed with characteristic exfoliating outer 
cell layer of seed coat (taxon 51, Fig. 46A). Seeds 
are ovate, ca. 1 mm long, and 0.5-0.6 mm wide. 
The seed coat must have been fleshy or corky be¬ 
cause most specimens are preserved with an outer 
layer that is exfoliating to reveal the cellular pattern 
underneath. This seed has not been found in any 
of the fruits that have been recovered with seeds in 
situ. 

52. Miscellaneous seed type 2 
F igure 46B. 

Large seed with oblique fissure lines (taxon 52, 
Fig. 46B). The seeds are oblong, relatively large, 
ca. 2.5 mm long, 1.3 mm wide, with characteristic 
oblique fissure lines (Fig. 46B, arrows) that demar¬ 
cate two presumed abortive seeds. One end of the 
seed is symmetrical, rounded, and obtuse, the other 
end is nearly acute and asymmetrical with a flat¬ 
tened face on one side (Fig. 46B). The two oblique 


fissures demarcate one large central section and 
two small flanking sections (Fig. 46B). The three 
sections often separate near the obtuse end of the 
seed. The overall structure has the appearance of 
a single seed with a gross morphology comparable 
to seeds of Hamamelidaceae subfamily Hamame- 
lidoideae. This seed is common in the Allon assem¬ 
blage but has not yet been found in a fruit. 

53. Miscellaneous seed type 3 
Figure 46C. 

Large seed with finely pitted surface (taxon 53, 
Fig. 46C). This seed is oval with one end more 
broadly rounded than the other, relatively large, 2.5 
mm long, 1.5 mm wide. The seed coat has a dis¬ 
tinctive pitted surface. No specimens have been re¬ 
covered in situ. 

A great variety of non-reproductive plant parts 
are commonly encountered in mesofossil assem¬ 
blages such as Allon, including pieces of wood and 
bark, leaves, bracts, and sometimes roots. We il¬ 
lustrate here a selection of bracts and fossil roots 
from the Allon assemblage. 

54. Bracts 
Figure 47A-D. 

Bracts are represented in a diversity of mor¬ 
phologies. The more distinctive ones have margins 
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that are deeply incised or toothed (taxon 54, Fig. 
47A-D). One distinctive form is a relatively large, 
bilaterally symmetrical structure that is deeply in¬ 
cised with ca. 11 slender digitate processes that are 
1.0—1.5 mm long with a swollen tip (Fig. 47A). The 
swollen structures appear to be glandular. These 
specimens are similar to bracts found in some spe¬ 
cies of Hamamelidoideae (Endress, pers. comm., 

1998). Another specimen (Fig. 47B) is similar but 
has fewer digitate lobes and appears to be pinnate 
rather than palmate. The tips of the lobes are bro¬ 
ken so it is unknown whether there were glandular 
structures present. Other bracts are asymmetrical 
with a margin that bears slender acute teeth (Fig. 
47C). There is also a rounded form with numerous 
triangular teeth (Fig. 47D). Unless bracts have a 
very distinctive morphology, or are found attached 
to an axis that bears reproductive structures, it will 
be difficult to identify these structures. 

55. Root with nodules? 

Figure 47E, F. 

Among the other dispersed plant parts recovered 
at Allon, several specimens that appear to be nodu¬ 
lated roots are especially interesting (taxon 55, Fig. 
47E, F). The root is slender, ca. 0.15 mm in di¬ 
ameter, and bears clusters of oblong nodules. In 
one specimen (Fig. 47E) there is a cluster of four 
nodules that are 1 mm long, 0.3 mm wide, with a 
blunt, rounded apex. Another specimen bears at 
least six nodules that have a constriction near the 
apex (Fig. 47F). Unfortunately, details are insuffi¬ 
cient to determine the systematic relationships of 
these roots. 

56. Dicot leaf type 1 
Figure 48A. 

Leaf narrowly elliptical, up to 230 mm long, 45 
mm wide. Base acute. Petiole unknown. Apex at¬ 
tenuate. Margin entire. Midrib curved, gradually 
thinning and becoming very fine toward the leaf 
apex. Secondary veins pinnately arranged, not 
prominent, apparently eucamptodromous. Tertiary 
and quaternary venation not visible. 

This species resembles several leaf forms from 
the Middendorf and Eutaw Formations that were 
assigned by Berry (1914) to the extant genera Ficus 
or Laurus, but the accuracy of these determinations 
remains uncertain. This leaf is one of two leaf types 
(see also taxon 57) that is abundant in the Allon 
macrofossil assemblage. 

57. Dicot leaf type 2 
Figure 48B. 

Leaf narrowly elliptical, maximum length (esti¬ 
mated) ca. 150-200 mm (distal portion unknown). 


maximum width ca. 25—31 mm. Base decurrent into 
a broad petiole (length unknown). Margin entire. 
Venation pinnate. Midrib very broad at the base, 
tapering distally. Secondary veins diverging at an¬ 
gles of ca. 40°, widely spaced at intervals of up to 
10 mm sometimes with intersecondaries not prom¬ 
inent. Tertiary venation fine, not strongly devel¬ 
oped. Quaternary venation not visible. 

This leaf type is one of the two most abundant 
leaf forms in the Allon macrofossil assemblage. De¬ 
tails of venation and its systematic relationships are 
unknown. 

58. Dicot leaf type 3 
Figure 48C. 

Leaf narrowly elliptical, up to 50 mm long, 13 
mm wide. Base acute. Apex acute. Margin entire. 
Venation acrodromous with three primary veins di¬ 
verging at the leaf base and becoming thinner dis¬ 
tally. Two additional weak secondary veins also di¬ 
verge at the leaf base and run just inside the leaf 
margin in the distal third of the leaf. Lateral pri¬ 
mary veins persist for more than two-thirds of the 
distance to the leaf apex. Secondary veins not 
prominent, best developed in the distal third of the 
leaf, especially between the outer primary veins 
and the leaf margin where they diverge at angles 
of ca. 60°. Tertiary and quaternary venation not vis¬ 
ible. 

This leaf type is similar to Cinnamomum mid - 
dendorfensis Berry (1914, pi. 9, fig. 1) from the 
Middendorf and Eutaw Formations of Georgia. The 
yellowish coloration of these specimens may indi¬ 
cate that they possessed a thicker cuticle than most 
of the other leaves in life. This is often a feature of 
lauraceous leaves in other fossil leaf floras, and de¬ 
spite the occurrence of lauraceous reproductive 
structures at Allon (taxon 12), Berry’s systematic 
determination should nevertheless be treated with 
caution. This leaf type is common in the Allon mac¬ 
rofossil assemblage. 

59. Dicot leaf type 4 
Figure 48D. 

Leaf broadly elliptical, maximum length ca. 60 
mm (incomplete), maximum width ca. 40 mm (de¬ 
tails of base and apex unknown). Margin entire. 
Leaf texture thin. Venation pinnate, eucamptodrom¬ 
ous with widely spaced secondary veins diverging 
at an angle of about 60° from the midrib. Prominent 
tertiary veins (intersecondaries) diverge from the 
midrib between the secondary veins and form a 
poorly organized, more or less orthogonal, reticulum 
of tertiary and quaternary veins. Ultimate venation 
not visible. 
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Figure 41. Mesofossils from the Allon locality, Georgia (late Santonian; Late Cretaceous): Taxon 44. Immature 
bicarpellate fruit. —A. Lateral view of young fruit showing slight longitudinal ribbing in the basal region of the 
hypanthium; PP4523L —B. Oblique view of specimen in A showing two short styles inside the very thick hypanthium 
cup. Scale bars = 100 pan. 


This leaf type is represented in the Allon mac¬ 
rofossil assemblage by a single specimen. The pat¬ 
tern of venation, in so far as it can be compared, 
is similar to that in leaf type 7 (taxon 62, fig. 49B). 
The systematic affinities of leaf type 4 are uncer¬ 
tain. 


60. Dicot leaf type 5 
Figure 48E. 


Leaf of medium size, at least 100 mm in maxi¬ 
mum length (incomplete), ca. 60 mm in maximum 
width (details of base, apex, and margin not pre¬ 
served). Midrib prominent with a pair of strong sec¬ 
ondaries on either side that diverge close to the leaf 
base. Lowermost secondary veins not prominent 
and diverging at angles of ca. 60° well above the 
leaf base. Tertiary' and quaternary' venation not ob¬ 
served. 


This leaf type is rare in the Allon macrofossil 
assemblage. Its systematic affinities are uncertain. 


61. Dicot leaf type 6 

Figure 49A. 

Leaf broadly elliptical or ovate. Estimated leaf 
length ca. 50 mm (incomplete). Maximum width ca. 


25 mm. Base rounded. Petiole short (ca. 4 mm long) 
(leaf apex not preserved). Margin finely serrate with 
small, bluntly rounded teeth separated by bluntly 
rounded sinuses. Venation pinnate. Secondary 
veins thin, straight, slightly curved toward the leaf 
apex; diverging from the midrib at ca. 40°; regularly 
spaced at intervals of about 5 mm. Tertiary venation 
forming a poorly organized, more or less orthogonal 
network weakly percurrent between the secondar¬ 
ies. Details of tertiary and quaternary' venation not 
observed. 

The teeth on the specimen are difficult to inter¬ 
pret. On one side they appear distinct with a dark 
glandular tip, whereas on the other side the margin 
is irregular and perhaps damaged by insect feeding. 
The systematic affinities of this leaf type are un¬ 
certain. It is represented by a single specimen in 
the collection. 

62. Dicot leaf type 7 
Figure 49B. 

Leaf elliptical to ovate, up to ca. 60 mm long 
(incomplete), up to ca. 23 mm wide. Base unknown. 
Apex acute to attenuate. Leaf margin entire. \e- 


Figure 40. Mesofossils from the Allon locality, Georgia (late Santonian; Late Cretaceous): Taxon 43. Pentamerous 
flower with braeteoles. —A. Lateral view of flower showing sepals, superior ovary, and paired bracteoles subtending 
flower: PP45230. —B. Opposite side of flower in A. —C. Oblique view of flower in A showing partially united calyx 
with ac ute sepal lobes. —I). Apical view of flower in A showing superior ovary with longitudinal ridges demarcating 
five carpels. Scale bars = 100 pan. 












458 


Annals of the 

Missouri Botanical Garden 





Figure 42. Mesolossils from I he A lion locality, Georgia (late Santonian; Late Cretaceous): Taxon 45, Inflorescence 
with trimerous flowers. —A. Lateral view of inflorescence with two clusters ol pedicel bases; PP45233. —B. Oblique 
view ol specimen showing cymose organization consisting ol a central pedicel base and two lateral inflorescence units; 
note flowers are broken and only pedic el bases remain; PP45234. —C. Oblique view of inflorescence with lateral flower 
bud present; PP45235. —I). Lateral view ol specimen in C showing flower bud subtended by a digitatelv divided bract. 
Scale bars = 1 mm. 


nation pinnate, eucamptodromous. Secondary veins 
gently curved toward the leaf apexes, widely 
spaced, and diverging from the midrib at intervals 
of ca. 10 mm. Tertiary veins (intersecondaries) also 


ond- 


diverge from the midrib between the major 
aries. Tertiary venation forming an irregular, more 


or less orthogonal network. Details of quaternary 
venation not observed. 

This leaf type is very rare in the Allon macroflo¬ 
ra. In general form this leaf is similar to Diospyros 
aff. primaeva described by Berry (1914, pi. 14, figs. 
12—13) from the Santonian Middendorf and Eutaw 
Formations of Georgia, although this systematic de¬ 


termination should be treated with caution. This 
leaf type is similar to, and potentially conspecific 
with, taxon 59, leaf type 4 (Fig. 48D). 

63. Dicot leaf type 8 
Figure 49C. 

Leaf elliptical to narrowly elliptical, estimated 
up to ca. 90 mm long (incomplete), width ca. 24 
mm (apex and base unknown). Margin entire. Ve¬ 
nation pinnate, eucamptodromous to weakly bro- 
chidodromous. Midrib prominent. Secondary veins 
fine, diverging from the midrib at angles of ca. 30— 
40°, straight to irregular in their course, branching 
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Figure 43. Mesofossils from the Allon locality, Georgia (late Santonian; Late Cretaceous); Taxa 46 and 47, Miscel¬ 
laneous reproductive axes. —A. Taxon 46, Strobiloid spicate axis; PP45236. —B. Taxon 46, Detail of specimen in A; 
note each scar has two flanking flange-like structures. —C. Taxon 47, Spherical capitate reproductive axis; PP45237. 
—I). Taxon 47, Apical view of head from specimen in C showing numerous presumed pedicel bases. Scale bars = 0.5 

mm. 


toward the margin to form a more or less irregular, 
orthogonal, network of tertiary veins, which is also 
developed between the secondaries. Quaternary 
and ultimate venation not observed. 

This leaf type is very rare in the Allon macroflo¬ 
ra, and its systematic affinities are uncertain. 

Discussion 

The late Santonian Allon flora from central Geor¬ 
gia, U.S.A., is one of many mesofossil assemblages 
known from the Barremian-Aptian to the Maas- 
trichtian of North America, Europe, central Asia, 
and Japan (Crane & Herendeen, 1996; Friis & 
Skarby, 1982; Friis, 1983; Friis et al., 1999; Cre- 
pet, 1996; Takahashi, Crane & Ando, unpublished 
data), but it is the first to be described almost in 


its entirety. Systematically, the excellent preserva¬ 
tion of flowers, fruits, seeds, and other organs pro¬ 
vides detailed information for comparison with ex¬ 
tant plants. Ecologically, a survey of the entire 
mesofossil assemblage (Table 1) provides insights 
into the composition of the living vegetation from 
which the Allon flora was derived, and a basis for 
estimating the abundance of the constituent taxa. 
Some of the taxa are known in detail, and system- 

W 

atic relationships are well resolved (e.g., Parasau- 
rauia, Keller et al., 1996; Allonia, Magalldn-Puebla 
et al., 1996; Campylopodium, Konopka et al., 
1998), while others remain poorly characterized 

and their systematic relationships are unknown. 
Many of these fossils may never be understood in 
sufficient detail to justify a separate detailed treat- 
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Figure 44. Mesofossils from the Allou locality, Georgia (late Santonian; I^te Cretaceous): Taxa 48 and 49, Miscel¬ 
laneous axes with attached leaves/bracts. —A. laxon 48, Axis lype I, Oblique view of axis with bracts/leaves at apex 
and scars below; PP45238. —lb Faxon 48, Axis lype I, Lateral view of axis showing broken bases of bracts/leaves; 
PP45239. —C. laxon 48, Axis lype I, Axis showing Icaves/bracts with bulbous structures in their axils; PP45240. — 
I). laxon 49, Axis lype 2, Axis bearing bracts/leaves that have an abruptly narrowed apex; PP45241. —K. Taxon 49. 
Axis Type 2, Apical view of specimen in I). Scale bars = 100 jxm. 































Volume 86, Number 2 
1999 


Herendeen et al. 

Late Santonian Allon Flora 


461 





Figure 45. Mesofossils from the Allon locality, Georgia (late Santonian; l-ale Cretaceous): Taxon 50. Axis with 
pinnate bracts. —A. Lateral view of axis with pinnate bract (left) and entire bract (right); note numerous awl-shaped 
structures at center; PP45242. —B. Opposite side of axis shown in A. Scale bars = 1(H) pm. 


merit, but they may nevertheless be important for 
systematic, paleoecological, and biogeographic 
comparisons with other mesofossil assemblages. 

Studies of mesofossil assemblages have greatly 
expanded our knowledge of Late Cretaceous plants 
from southeastern North America and until recent¬ 
ly, studies of Late Cretaceous fossil plants from this 
area have focused almost entirely on leaves (Berry, 

1914, 1919, 1925) or palynomorphs (e.g., Christo¬ 
pher, 1978; Frederiksen & Christopher, 1978). Me¬ 
sofossils were first described from the Black Creek 
Formation, exposed in the “Neuse River Cut-Off” 
near Goldsboro, North Carolina (Friis, 1988; Friis 
et al., 1988; Frumin & Friis, 1996), from plant¬ 
bearing sediments considered to be of early Cam¬ 
panian age (Owens & Sohl, 1989). Although per¬ 
haps slightly older (late Santonian), the Allon 
assemblage from central Georgia is similar in many 
respects to that from Neuse River. The Allon as¬ 


semblage is also approximately contemporaneous 
with the fossil leaf floras described by Berry (1914) 
from the Middendorf Arkose Member of the Black 
Creek Formation in South Carolina (now Midden¬ 
dorf Formation; Gohn, 1992), and the two floras 
may share several leaf species (Berry, 1914). Some 
of the Allon macrofossils are also similar to species 

from the Eutaw Formation (Berry, 1914, 1919), 
which is of early Santonian age (Huddlestun & Het¬ 
rick, 1991), probably slightly older than the Allon 
assemblage. Well-preserved mesofossil floras from 
early Coniacian sediments along Upatoi Creek in 
western Georgia are currently under study (Magal- 
lon-Puebla et al., 1997; Herendeen & Crane, un¬ 
published). The Allon assemblage also shares sev¬ 
eral taxa with the older Turonian-age Crossman 
flora from New Jersey. 

In relation to other fossil assemblages from 
southeastern North America, the Allon flora is older 
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Hipure 4(>. Mesofossils from the AI Ion locality, Georgia (late Santonian; Cite Cretaceous): Taxa 51, 52, and 53. 
Miscellaneous seeds. —A. Taxon 51, Miscellaneous seed type I, small seed with characteristic exfoliating outer cell 
layer of seed coat; 1*1*446/8. —II. laxon 52. Miscellaneous seed type 2. large seed with oblique fissure lines demar¬ 
cating two presumed abortive seeds; PI*45245. —C. Taxon 53, Miscellaneous seed type 3. large seed with finely pitted 
surface; 1*1*4524/). Scale bars: A = 100 pan; II. C = 0.5 mm. 


than the fossil leaf assemblages described from the 

Ripley Formation (Berry, 1919, 1925), which are of 

early Maastrichtian age, and younger than the fossil 
leaf floras described from the Tuscaloosa Formation 
(Berry, 1919), which are of late Cenomanian age. 
Interpretations based on these and other leaf floras 
from southeastern North America, which range in 
age from late Cenomanian to early Maastrichtian, 
have suggested that the climate was wet and warm 
(ca. 25-30°C mean annual temperature) resulting 
in paratropical closed canopy forest (Upchurch & 
Wolfe, 1993; Wolfe & Upchurch, 1987; Wolfe, 
1997). The mean annual temperature for the Mid- 
dendorf leaf flora in particular was estimated at 23— 

25°C. Using the calculation of Wilf (1997) results 
in a mean annual temperature estimate of 26 ± 



The Allon flora is typical of Late Cretaceous me- 
sofossil assemblages from the Atlantic Coastal 


Plain of North America in being dominated, both 
in terms of diversity of species, and in terms of 
abundance of specimens, by angiosperm remains. 
Flowers, fruits, and 


nu 


ml 


spec 


Is of angiosperms far out- 
of all other groups of plants 
combined. Conifers, primarily represented by frag- 

next in abundance and 
are sufficiently common that they were almost cer¬ 
tainly an important component of the original 


ments of leafy shoots. 


source vegetation. Sporophytes and gametophytes 
of mosses are not as frequent as the conifer re¬ 
mains, but they are not uncommon at this site. 
Ferns are the least abundant of the major plant 
groups in the Allon mesofossil assemblage. Non- 
con iferous gynmospenns (Ginkgo, eye ads, Gne- 
tales), sphenopsids, or lycopods have not yet been 
recognized. Also, no megaspores have been recov¬ 
ered from Allon. 

This pattern in the representation of different 
major groups of plants contrasts strikingly with that 
at certain other Late Cretaceous localities from 
North America. For example. Late Cretaceous flo¬ 
ras from distal floodplains on the North Slope of 
Alaska are dominated by ferns, cycadophytes, gink¬ 
gos, and conifers (Spicer, 1987). Similarly, the rel¬ 
atively poor representation of ferns in the Allon flo¬ 
ra (both in diversity and abundance) is very 
different from the vegetation dominated by ferns 
and monocots in the Maastrichtian Meteetsee For¬ 
mation of Wyoming (Wing et al., 1993). A primary 
factor in accounting for these differences may be 

marked latitudinal differences in climatic condi¬ 
tions. 

Among the angiosperms at the Allon site, four 
taxa comprise more than 75% of specimens recov¬ 
ered. In decreasing abundance they are: ovate fruit 
(taxon 40), flower with a spindle-shaped inferior 
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Figure 47. Mesofossils from the Allon locality, Georgia (late Santonian; Late Cretaceous): Taxa 54 and 55, Miscel¬ 
laneous bracts and roots. — 


A. Taxon 54, Bract with stalked glandular structures; PP45247. 
bract with acute pinnate lobes; PP45248. —C. Taxon 54, Asymmetrical bract; PP45249. • 
bract with dentate margin; PP45250. —E. Faxon 55, Root with presumed nodules; PP45251. 
presumed nodules; PP45252. Scale bars = 1 mm. 


B. Taxon 54, Presumed 
D. Taxon 54, Rounded 
-F. Iaxon 55, Root with 
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figure 48. 


56-60 


neons dieot leaves, light micrographs. —A. Taxon 56, Dicot leaf type 1, macrofossil; PP45381. —B. Taxon 57. Dicot 
leaf type 2, macrofossil; PP45382. —C. Taxon 58. Dicot leaf type 3. macrofossil; PP45383. —I). Taxon 59. Dicot leaf 
type 4, macro fossil; PP45384. —K. Taxon 60, Dieot leal type 5, macrofossil; PP45385. Scale liars = 10 mm. 
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Figure 49. Macrofossils from the Allon locality, Georgia (late Santonian; Late Cretaceous): Taxa 61-63, Miscella¬ 
neous dicot leaves, light micrographs. —A. Taxon 61, Dicot leaf type 6, macrofossil; PP45386. —It. Taxon 62, Dicot 


leaf type 7, macrofossil; PP45387. 


P45388 


10 mm. 


ovary (taxon 31), flower with lobed petals (taxon 
32), and Antiquacupula sulcata (taxon 21). The 
abundance of Antiquacupula and Protofagacea (the 
sixth most abundant taxon) implies that Fagaceae 
sensu lato were an important element in the source 
vegetation. Probable taxodiaceous conifers are the 
fifth most abundant element in the Allon flora and 
were probably also common. The relative paucity 
of ferns, and good representation of mosses, may 
also indicate a relatively poorly developed under¬ 
story vegetation. More detailed analyses of the di¬ 
versity and abundance of different taxa in the Allon 
flora and other mesofossil assemblages are current¬ 
ly under way (Lupia, work in progress). These stud¬ 
ies will compare the composition of the Allon me¬ 
sofossil assemblage with the palynoflora and 

macroflora at the same site. 

Preliminary’ results from the Allon locality (Lu¬ 
pia, work in progress) indicate that plants repre¬ 
sented in the mesofossil assemblage are often not 
recognized in the dispersed pollen spore flora. The 
diversity of plants represented as mesofossils is also 
much greater than the diversity of plants repre¬ 


sented as macrofossils (Table 1). Only 11 types of 
leaf macrofossils have been recognized at the Allon 
site, whereas the mesofossil assemblage records be¬ 
tween 40 and 50 distinct botanical entities, includ¬ 
ing some (e.g., the mosses) that would be unlikely 
to be represented in the macroflora even under the 
most favorable circumstances. It is also interesting 
that while only two types of leaf macrofossil are 
abundant at the site, seven taxa are as abundant in 
the mesofossil assemblage (Table 1). 

Mesofossil assemblages at Allon, as is typical of 


localities on the Atlantic Coastal Plain of North 
America, contain a mixture of lignified and char- 
eoalified specimens. Pollen is frequently better pre¬ 
served in lignified material, whereas charcoalifica- 
tion generally preserves finer anatomical and 
morphological details. The quality of preservation 
of the charcoalified material from the Allon flora 
suggests that it was not transported extensively pri¬ 
or to deposition and is consistent with preservation 
under quiet, near allochthonous, conditions. Actu- 
alistic studies do, however, show that fossil plant 
structures preserved as charcoal are significantly 
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Table 1. Composition of the Allon llora from the Late Cretaceous (late Santonian) of central (Georgia, based on 
macrofossils and mesolossils. Unless otherwise indicated, fossils are angiosperms invertae sedis. Relative abundance is 
based on over I I .(MX) mesofossil specimens counted from 12 samples (Lupia, in prep.). Rank follows Spicer and Hill 
(I c >7 4 >) but combining tbe "rare" and "rare or localized" categories; asterisk (*) preceding rank indicates taxa with > 
l(HH) specimens. Mesolossil taxa not appearing in the 12 samples were considered "very rare." Relative abundance (or 
macrofossils is indicated in italics, based on an estimate of the approximately 100 blocks in our collection. 


Taxon or structure 


()rgan 


I. hopolyt rich uni antiquum Konopka. Heren- sporophyte capsules and gametophytes 


( 


leen. Smith Merrill & Crane (IVlytriehaceae) 


2. Lampylopodium allonense Konopka. Heren- sporophyte capsules and gametophytes 
deen & Crane (l)icranaceae) 

3. cf. Hoodiepter is Candolfo, Nixon, Crepet & pinnules 
Ratclilfe (Gleicheniaceae) 

4. Kern leaf type I 


5. 


Kern leal type 2, macrofossil 


pinnules 
frond fragment 


(>. Conifer foliage type 1 (cl. HrachyphyUum) shoot with leaves 
macrofossil 

7. Conifer foliage type 2, macrofossil 

8. Conifer foliage type 3 (cf. Taxediaeeae) 


shoot with leaves 
shoots with leaves 


9. Conifer foliage type 4 (cf. Hrachyphyllum) shoots with leaves 


10. Conifer pollen cone and dispersed cone cone and dispersed cone scales 
scales 

11. cf. Delrusandra Crepet & Nixon (Magnoli- flowers 
ales) 

12. Mauldinia sp. Drinnan, Crane, Kriis & IV- inflorescence units and fl 
dersen (l^auraceae) 

13. IVimerous staminate flower (cf. Triuridaceae) staminate flowers 


owers 


flowers 

leaf 

leaf 


Drinnan (Kagaceae sensu lato) 


and (‘upules 


21. Antiquacupula sulcata Sims, Herendeen & staminate and bisexual flowers, fruits, and cu- 


Crane (Kagaceae sensu lato) 


pules 


22. Caryanthus sp. Kriis (cf. Juglandales/Mvri- flowers 


c 


ales) 


23. Norinapolles flower type A (cf. Juglandales/ flower 
Myricales) 

w 

24. Hedellia pusilla Sims, II erendeen, Lupia, staminate flowers 
Christopher & Crane (cf. Betulaceae) 

25. Parasaurauia alloncnsis Keller, Herendeen flowers 
& Crane (Actinidiaceae) 

2(). Mower witli stellate trichomes, type I (cf. Kr- flowers 
icales) 

27. Mower with stellate trichomes, type 2 (cf. Kr- flowers 
icales) 

28. f ruits with large peltate trichomes (cf. Kri- flowers 


c 


ales) 


flowers 


29. IVntamerous flower with inferior ovary 

30. IVntamerous flower with semi-inferior ovary flowers 


Relative 

abundance 


rare 


ran* 


common 


common 


tery rare 
very rare 


very common 


a I 


nine 


lant 


common 


common 


verv rare 


rare 


very rare 

w 

very rare 

w 

very rare 

9r 

very rare 


rare 


14. Tricarpel late flower (cf. monocots) 

15. Monocot leaf type I, macrofossil 

16. Monocot leaf type 2, macrofossil 

17. Allonia decandra Magallbn-IVebla, Heren- flowers and associated seeds 
deen & Kndress (Hamamelidaceae) 

18. Mower with apically connate stamen eonnec- flower 
lives (cf. Hamamelidaceiie) 

19. Capitate inflorescence (cf. subfamily Altin- inflorescences and pistillate flowers 
gioideae, Hamamel idaceae) 

20. Protofagacea allonensis Herendeen, Crane & staminate inflorescence units and flowers, fruits, abundant 


verv rare? 


very rare 


*ahundant 


verv ran* 


very ran* 


very ran* 


rare 


ra re 


verv ran* 


ran* 


verv ran* 


verv rare 



Volume 86, Number 2 
1999 


Herendeen et al. 

Late Santonian Allon Flora 


467 



Table 1. Continued. 



Taxon or structure 


Organ 


Relative 

abundance 





Flower with spindle-shaped inferior ovary 
Flower with lobed petals 

Trimerous flowers with numerous coarse tri- 
c homes 

Capitate inflorescence of pentamerous flow¬ 
ers 

Flower with pentamerous perianth and trim¬ 
erous gynoecium 

Flower with pentamerous calyx composed of 

thick valvate sepals 

Slender epigynous flower 

Epigynous flower with spherical ovary 

Flower with very broad perianth parts and 

coarse fimbriate trichomes 

Ovate fruit 

Bicarpellate superior fruit 
Epigynous flower with rounded sepals 
Pentamerous flowers with bracteoles 
Immature bicarpellate fruit 
Inflorescence with trimerous flowers 


46. Strobiloid spieate axis 

47. Spherical capitate inflorescence 

48. Miscellaneous axes with attached leaves/ 


flowers and fruits 

flowers 

flowers 

inflorescence and flowers 

flowers 

flowers 

flowers 

flowers 

flowers 

fruits 
fn i i t s 
flowers 
flowers 
fruit 

inflorescence with flower buds 
axis 

inflorescence 

axis 


*abundant 
*abundant 
very common 


very rare 

w 


abundant 


ra re 


very rare 

m 

very rare 

ml 

very common 

m 

*abundant 
very rare 
very rare 

w 

very rare 

w 

very rare 

w 

common 
very rare 

w 

very rare 

w 

very rare 

m 


bracts, type 1 


49. Miscellaneous axes with attached leaves/ 
bracts, type 2 

50. Axis with pinnate bracts 

51. Miscellaneous seed type 1 

52. Miscellaneous seed type 2 

53. Miscellaneous seed type 3 

54. Bract 

55. Root with nodules? 

56. Dicot leaf type 1, macrofossil 

57. Dicot leaf type 2, macrofossil 

58. Dicot leaf type 3, macrofossil 

59. Dicot leaf type 4, macrofossil 

60. Dicot leaf type 5, macrofossil 

61. Dicot leaf type 6, macrofossil 

62. Dicot leaf type 7, macrofossil 

63. Dicot leal type 8, macrofossil 


axis 


axis 

seed 

seed 

seed 

bract 

roots 


leaf 

leaf 

leaf 




leaf 

leaf 

leaf 


very rare 

m 


very rare 

w 

very rare 

w 

rare 

very rare 

w 

very rare 

m 

very rare 

m 

abundant 
abundant 
common 
very rare 

•r 

rare 

very rare 
very rare 
very rare 


smaller than they were in life (MeGinnes et al., 

1976; Scott, 1989; Herendeen, 1991b), and care 

must be used in comparing the absolute dimensions 
of fossils preserved in this way (Lupia, 1995). In a 
study of charcoalification of angiosperm reproduc¬ 
tive structures Lupia (1995) documented shrinkage 
of 14% to 47%, with substantial variation among 

plant organs studied. 

The proportion of mesofossils preserved as char¬ 
coal or lignite varies among, and sometimes within, 
sites. Some localities are dominated by lignified 
specimens while others consist almost entirely of 


charcoal, formed as a by-product of natural fires. 
Interestingly, at Allon, as at other localities on the 
Atlantic Coastal Plain, the mode of preservation 
sometimes varies by taxon. Some taxa are repre¬ 
sented exclusively, or almost exclusively, by char- 
coalified specimens, others are represented by both 
charcoalified and lignified specimens, while others 
are represented by only lignified material. These 
differences could represent a variety of factors, 
such as differences in phenology relative to (Vsea- 
sonal) fire patterns, or the effects of habitat varia¬ 
tion resulting in differences in fire susceptibility. 
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and deserve further investigation including actu- 
alistic studies in contemporary plant communities 
subject to forest fires. At the Allon locality the pres¬ 


ervation of some specimens of almost all taxa 
charcoal indicates that fire may have been an im¬ 
portant factor contributing to frequent disturbance 
of th e source plant community. The extent to which 
such fires may have been a function of a particular 
climatic regime, thereby introducing potential 
large-scale biases into studies of the mesofossil rec¬ 


on 


1 , 


to be determined. 


Previous publications on plants from the Allon 
locality have presented detailed descriptions and 
analyses of relationships of specific fossil taxa. In 


many cases the excellent structural details pre¬ 
served in these fossils have made it possible to 


carefully integrate paleontological and neontologi- 
eal data and document the presence of synapomor- 
phies of extant groups of families, subfamilies, or 
even genera (e.g., Keller et al., 1996; Magallon- 
Puebla et al., 1996). Such studies have substan¬ 
tially modified previous estimates of the time of dif¬ 


ferentiation of several groups of extant angiosperms 


(e.g., Hamamelidac 
1996; Fazac 


I A % 4 


1 iJik 


Magall6n-Puebla et al., 
>: Herendeen et al.. 1995: 


Sims et al., 1998). 


rhe combined effect of this work, together with 
information from other mesofossil localities, has 
been to modify our current understanding of the 
“modernization" of the angiosperm flora through 
the Late Cretaceous. Syntheses of data from dis¬ 
persed fossil pollen (Muller, 1981, 1984) suggest 
that most extant angiosperm families differentiated 
during the latest Cretaceous or Early Tertiary, but 
the rapidly accumulating evidence from mesofos- 
sils, with the increased systematic precision pro¬ 
vided by information on flowers and fruits, indi¬ 
cates that many extant angiosperm lineages were 
already differentiated at the level of family, or even 
genus, by the Turonian-Campanian. Continued 


study of rich mesofossil assemblages such as Allon, 
other localities in southeastern North America 
(Herendeen & Crane, work in progress), the Poto¬ 
mac Group localities in Virginia and Maryland 
(Crane, Friis & Pedersen, work in progress), the 
Crossman site in New Jersey (Crepet & Nixon, work 
in progress), the Asen flora in southern Sweden 
(Friis, Pedersen & Schonenberger, work in pro¬ 
gress), the numerous localities in Portugal (Friis 


Pedersen & Crane, work in progress), and recently 
discovered mesofossil floras in Asia (Frumin & 
Friis, work in progress; Takahashi, Crane & Ando, 
work in progress) is certain to further expand the 

spectrum of angiosperm lineages that can be rec¬ 
ognized. 


Mesofossil assemblages such as Allon also offer 
to provide new and valuable information about 

ferns (Gandolfo et al., 1997b; Herendeen & $kog, 
1998), eheirolepidiaceous conifers (Srinivasan, 
1995), and other pteridophyte and gymnosperm 
taxa (Pedersen et al., 1989, 1993). Especially in¬ 
teresting is the new information on Late Cretaceous 
fossil mosses (Konopka et al., 1997, 1998), which 
suggests that careful examination of other mesofos¬ 
sil floras may substantially expand current knowl¬ 
edge of the bryophyte fossil record (e.g., Crandall- 

Stotler et al., 1996). 

Conclusions 

A rapid increase in our knowledge of Cretaceous 
mesofossil assemblages is contributing to a sub¬ 
stantially improved understanding of the composi¬ 
tion of Cretaceous vegetation, and providing new 
and more precise insights into the phylogenetic re¬ 
lationships and evolutionary significance of Creta¬ 
ceous plants. However, the full wealth of systematic 
and paleoecological information that can be ob¬ 
tained from these assemblages is only just begin¬ 
ning to be exploited. A very large number of new 
taxa remain to be described in the mesofossil as¬ 
semblages that are already known, and many more 
mesofossil assemblages will be discovered as ad¬ 
ditional areas are explored and the techniques of 
bulk sieving are applied more widely. 

The mesofossil approach, which so far has been 
mainly applied to studies of Cretaceous and Tertia¬ 
ry sediments, also holds great promise for studies 
of other time periods and a broader range of taxo¬ 
nomic groups. For example, exquisitely preserved 
mesofossils from early Devonian sediments are al¬ 
ready providing important new information on early 
land plants (Edwards, 1997), while the recognition 
of such floras from late Paleozoic and early Meso¬ 
zoic could be extremely helpful in studies of a va¬ 
riety of pteridophyte and gymnosperm groups. 

The study of mesofossils has already resulted in 
a much improved knowledge of Cretaceous angio- 
spenns. However, much work remains to he done 
in terms of describing the full range of taxa present, 
characterizing the individual plants, and under¬ 
standing their relationship to their living relatives. 
The documentation of complete assemblages, such 
as we have attempted here for the Allon flora, com¬ 
bined with detailed studies of individual fossil 
plants, has much to contribute to a more refined 
understanding of early angiosperm evolution and 
global environmental change in terrestrial environ¬ 
ments during the Cretaceous. 
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